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PREFACE 

This  book  is  the  second  of  a  series  of  volumes  presenting  the  road 
problem  from  the  standpoint  of  the  constructing  engineer.  It  completes 
the  text  book  portion  of  the  series.  This  volume  contains  basic  data 
ordinarily  used  in  the  design,  construction,  maintenance  and  reconstruc- 
tion of  rural  highwa3^s. 

The  object  of  this  book  is  to  emphasize  and  illustrate  the  application  of 
well  recognized  engineering  principles  which  have  been  more  or  less 
befogged  by  non-technical  propaganda.  The  method  adopted  includes 
development  of  tentative  theory  illustrated  by  typical  reports  covering 
the  usual  problems.  Specific  examples  of  actual  practice  are  given 
throughout  the  text  showing  that  if  advantage  is  taken  of  the  technical 
knowledge  of  engineers  in  connection  with  design  and  type  selection, 
the  mileage  of  programs  can  often  be  increased  at  least  10  per  cent  over 
what  is  actually  obtained  under  a  system  of  rigidly  standardized  and 
stereotyped  design.  Furthermore  if  legislatures  will  have  foresight 
enough  to  follow  engineering  advice  in  raising  funds  for  maintenance 
and  renewal  the  total  final  cost  of  the  road  systems  can  be  reduced  at 
least  20  per  cent  below  the  usual  reported  costs. 

The  main  value  of  this  book  probably  lies  in  its  definite  design  data, 
its  discussions  of  the  suitability  of  different  pavements  considering 
maintenance,  renewal  and  motor  vehicle  operating  costs,  and  in  the 
selected  official  reports  which  apply  the  general  principles  of  design  to 
specific  cases. 

Acknowledgement  is  made  of  the  courteous  cooperation  of  highway 
departments,  material  industries  and  individual  engineers  and  authors 
in  furnishing  data  for  this  manuscript.  I  wish  particularly  to  acknow- 
ledge the  constructive  criticism  of  G.  G.  Miller,  H.  G.  Hotchkiss,  C.  M. 
Edwards  and  Herbert  Michaels. 

Readers  are  to  suggest  additions  or  corrections  which  will  make  the 
book  more  useful  to  highway  engineers. 


W.   G.  Harger. 


Rochester.  N.  Y. 
December,  1923. 
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RURAL  HIGHWAY  PAVEMENTS 

MAINTENANCE  AND  RECONSTRUCTION 

CHAPTER  I 
GENERAL  ADMINISTRATIVE  CONSIDERATIONS 

Introduction. — Highway  design  is  controlled  by  the  needs  of  modern 
motor  transportation.  The  engineer  may  well  gauge  the  success  of  his 
work  by  the  resultant  increase  in  safety  and  comfort  of  travel  and  the 
reduction  in  the  final  cost  of  motor  operation  both  to  the  individual 
motorist  and  to  the  community  at  large.  The  final  cost  includes  the 
construction,  maintenance  and  renewal  of  highways  as  well  as  the  direct 
operation  cost  of  motor  vehicles.  The  engineer  is  in  a  position  to  deter- 
mine quite  accurately  the  amount  of  the  indirect  highway  charges  as  well 
as  the  direct  vehicle  operation  charges  and  he  should  act  as  an  impartial 
agent  to  produce  the  most  service  for  the  least  final  cost.  This  is  what 
public  officials  are  theoretically  paid  for  and  while  in  self  defense  we  all 
fall  from  ideal  standards  at  times  and  forget  or  ignore  the  interests  of 
the  community,  the  technical  type  of  mind  is  more  apt  to  analyze  the 
problem  with  less  bias  than  the  non-technical  commercial  element,  as  the 
engineer  has  less  personal  incentive  for  the  distortion  of  facts. 

As  stated  in  the  preface  the  object  of  this  book  is  to  present  the  high- 
way problem  from  the  standpoint  of  the  constructing  engineer  and  to 
emphasize  the  value  of  well  recognized  engineering  principles  which  have 
been  more  or  less  befogged  by  non-technical  propaganda.  The  construc- 
tor's point  of  view  has  not  received  much  publicity  nor  has  it  had  much 
effect  on  general  highway  policy  and  yet  he  is  in  a  peculiarly  advantageous 
position  to  develop  sound  judgment.  The  most  effective  publicity  in 
connection  with  highway  programs  can  be  credited  to  the  material  indus- 
tries and  the  organized  motor  interests.  The  widely  advertised  point  of 
view  of  politically  appointed  highway  officials  has  left  its  mark  and 
recently  the  research  engineer  has  received  some  attention.  While  the 
constructing  engineer  does  not  know  so  much  about  theory  as  the  scien- 
tist, or  about  expediency  as  the  public  officials,  or  about  the  psychology 
of  motorists  as  the  auto  club  officials  or  about  sales  methods  as  the  mate- 
rial industries,  he  comes  in  daily  contact  with  actual  construction  and 
maintenance  conditions  and  sees  the  weak  points  in  procedure  and  the 
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increase  in  costs  due  to  overemphasis  on  either  theory  or  expediency,  or 
perfect  travel  comfort  or  the  desire  to  sell  a  million  dollars  worth  of  mate- 
rials in  a  year. 

Effective  motor  transportation  can  only  be  attained  by  the  intelligent 
cooperation  of  motorists,  highway  engineers  and  legislative  bodies  but 
while  cooperation  is  evidentl}^  correct  in  theory  it  is  difficult  to  achieve 
and  most  of  our  highway  troubles  are  due  to  the  tendency  of  each  of  these 
groups  to  consider  only  their  own  immediate  interests  tinged  with  a 
strong  desire  for  someone  else  to  foot  the  bill.  The  motorist  often  desires 
to  shift  a  large  share  of  highway  upkeep  cost  to  the  non-user  on  the  score 
of  intangible  benefit.  The  legislatures  often  consider  the  funds  raised  for 
construction  and  maintenance  merely  as  a  godsend  in  distributing 
patronage  rather  than  as  a  means  of  giving  effective  service  and  the 
engineers  are  inclined  to  favor  excessively  expensive  construction  as  this 
type  meets  with  unthinking  popular  approval  and  is  easier  to  design  and 
maintain.  This  naturally  runs  the  cost  up  and  is  a  losing  proposition  in 
the  end  to  all  concerned. 

The  broad  general  principles  of  effective  highway  design,  which  can- 
not be  safely  ignored  without  danger  of  extreme  waste  of  funds  may  be 
outlined  as  follows.  Considering  limitation  of  funds  and  the  highway 
needs  of  most  districts,  some  form  of  the  flexible  type  of  pavement  is 
generally  the  most  rational  and  economical  solution  for  at  least  90  per  cent 
of  the  rural  highwaj^s  of  the  United  States.  The  rigid  type  is  probably 
economical  on  2  to  10  per  cent  of  the  rural  mileage  for  conditions 
prevaihng  in  1923  and  caution  may  well  be  exercised  not  to  exceed 
these  limits  unless  local  funds  are  practically  unlimited.  Effective 
maintenance  is  necessary  if  any  extensive  highway  program  is  to  succeed 
and  reconstruction  design  should  in  the  main  retain  the  existing  type 
of  pavement  foundation  although  a  type  of  surface  which  eliminates  the 
oiling  nuisance  may  well  be  adopted  on  heavy  traffic  roads.  If  some  of 
the  comments  throughout  the  text  seem  a  little  caustic,  in  dealing  with 
flagrant  violations  of  these  principles,  it  should  be  borne  in  mind  that 
destructive  criticism  is  not  intended  but  in  order  to  show  the  desirability 
of  improvement,  caustic  comment  may  be  necessary.  There  is  so  much 
humor  in  connection  with  the  paving  problem  that  it  is  impossible  to 
write  a  book  on  this  subject  which  at  times  does  not  depart  somewhat 
from  the  conventional  style  of  technical  writing  but  an  effort  has  been 
made  to  emphasize  the  good  points  of  existing  procedure  as  well  as  point 
out  its  shortcomings. 

This  book  is  not  intended  as  a  definite  guide  for  the  older  engineers 
who  have  developed  judgment.  It  is  intended  as  a  practical  guide  for 
the  younger  men  and  to  serve  this  purpose  it  must  of  necessity  deal  largely 
with  technical  details.  It  is  desirable  however  for  the  younger  men  to 
bear  in  mind  that  while  a  strict  technical  analysis  is  a  good  starting  point 
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for  judgment  it  is  often  necessary  to  modify  an  ideal  technical  solution  for 
various  reasons,  such  as  limitations  in  funds,  etc.,  in  order  to  accomplish 
anything  at  all.  That  is,  an  engineering  analysis  furnishes  a  desirable 
mark  to  shoot  at  even  if  it  cannot  be  carried  out  exactly  as  planned 
and  it  is  encouraging  to  note  that  in  the  last  few  years  legislative  and 
construction  practice  has  made  some  progress  towards  a  desirable 
engineering  goal.  This  chapter  gives  a  short  statement  of  the  elements 
of  the  administrative  problem  as  it  affects  highway  design.  The  data  is 
intended  for  the  use  of  the  younger  men  not  entirely  familiar  with  the 
problem  as  a  whole  and  is  not  likely  to  be  of  much  interest  to  the  more 
experienced  engineers. 

Scope  of  Programs. — Complete  highway  programs  include  three  well- 
defined  branches  coordinated  by  centralized  administration. 

1.  The  gradual  improvement  of  the  road  system  by  means  of  the  construction  of 

modern  pavements  and  bridges  suitable  for  the  traffic  each  road  must  carry. 

2.  The  maintenance  and  renewal  of  such  high  grade  improvements. 

3.  The  immediate  temporary  improvement  of  portions  of  the  system  not  yet 

reached  by  the  modern  construction  program  and  the  reasonable  care  of 
detours. 

These  factors  require  separate  funds  raised  from  the  proper  sources. 
The  relative  expenditure  for  these  items  will  vary  in  each  locality  depend- 
ing on  its  financial  strength,  traffic  requirements,  and  the  extent  to  which 
its  road  system  has  already  been  improved.  The  problem  is  well  worth 
careful  attention  as  the  effectiveness  of  the  program  and  its  power  to 
retain  popular  support  depend  largely  on  a  well  balanced  treatment  of 
these  three  phases  of  the  work. 

As  a  rule,  communities  do  not  consider  highway  improvements 
strictly  as  a  business  investment.  They  look  at  this  matter  a  good  deal 
as  an  individual  considers  the  purchase  of  a  home  or  an  automobile.  If 
he  can  afford  a  $50,000  house  or  a  high  grade  car,  he  is  inclined  to  get  it  as 
a  personal  luxury  but  the  great  majority  have  to  curtail  their  desires  to 
fit  the  limitations  of  their  pocket  books  and  gauge  their  purchase  by  the 
scale  of  utility.  This  same  analogy  applies  to  the  purchase  of  highways. 
The  fact  that  they  are  public  improvements  often  obscures  such  limita- 
tions but  the  highway  executive  must  bear  it  continually  in  mind  if  he 
expects  to  provide  reasonable  service  with  the  funds  at  his  disposal. 

Any  rational  solution  depends  on  the  service  value  of  different  kinds  of 
improved  road  systems,  their  construction  and  maintenance  cost,  and 
what  the  community  can  afford  to  buy.  Considered  in  terms  of 
convenience,  pleasure,  safety  and  general  usefulness,  road  improvements  are 
worth  more  than  the  community  can  possibly  spend.  If  road  expenditures 
are  considered  as  a  business  investment  immediately  returnable  in  the  saving 
of  travel  cost,  the  greatest  proportional  return  is  obtained  by  restricting  construc- 
tion to  the  standard  of  general  utility,  by  which  is  meant  a  standard  of 
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excellence  that  meets  necessary  traffic  requirements  but  eliminates  the 
fancy  extras.  Even  the  richer  states  cannot  raise  enough  money  to 
complete  general  utility  systems  as  rapidly  as  they  would  like  and  it  is 
important  to  consider  how  to  get  the  most  benefit  for  available  means. 

The  construction  of  modern  pavements  has  received  the  bulk  of 
attention  in  most  states  during  the  past  fifteen  years  (1905  to  1920)  gener- 
ally to  the  exclusion  of  reasonably  well-developed  maintenance  and  tem- 
porary service  departments.  A  number  of  states  in  which  the  modern 
high  grade  systems  have  been  in  use  for  considerable  time  have  developed 
fairly  efficient  maintenance  although  in  many  cases  the  basis  of  financing 


Fig.  2. — Efficient  niaiuteuauce  of  existing  road  to  give  moderately  good  immediate 
service.  This  gravel  road  in  Clark  County,  Wisconsin  is  on  the  State  System  and  is  being 
kept  in  serviceable  shape  for  about  $300  per  mile  per  year  until  it  can  be  reconstructed  to  a 
higher  standard.     The  use  of  dust  preventatives  raises  the  cost  to  about  $600  per  mile  year. 


is  not  entirely  satisfactory.  Some  states  have  given  considerable  atten- 
tion to  immediate  temporary  service  programs  and  care  of  traffic  on 
detours  but  it  is  the  exception  rather  than  the  rule  and  this  lack  of  appre- 
ciation of  a  traffic  demand  may  easily  cause  serious  loss  of  popular  support 
of  centralized  state  and  national  control  of  highway  expenditures. 

State  and  Federal  control  is  a  distinct  advance  over  the  old  system  of 
local  control.  The  standards  of  finance,  design  and  construction  have 
been  improved  and  a  more  uniform  and  coordinated  system  attained. 
It  is  to  be  hoped  that  the  quite  prevalent  minor  faults  of  centralized 
control,  involving  unnecessarily  expensive  construction  of  secondary 
roads  and  the  disregard  of  quick  temporary  service,  will  be  corrected 
under  the  stress  of  popular  demand.  Very  few  highway  engineers  are 
entirely  satisfied  with  either  the  legislation,  financing  or  general  adminis- 
trative pohcy  of  today  (1922).  The  problem  is,  however,  reaching  the 
stage  where  the  sums  involved  demand  a  fairly  logical  and  reasonably 
efficient  poUcy  in  order  to  retain  continued  support  and  it  seems  well  worth 
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while  to  keep  in  mind  the  fundamental  requirements  which  are  necessary 
to  give  the  community  a  satisfactory  return  on  its  investment. 

General  Policy. — While  there  is  considerable  variation  in  local  appli- 
cation, ordinary  general  policy  usually  falls  under  one  of  the  following 
classifications:  The  "Small  Mileage  Boulevard  Policy,"  the  "Large 
JNIileage  Cheap  Pavement  Policy"  and  the  "General  Utility  Policy." 


Fig.  3. — Construction  detour  in  poor  condition.     Very  expensive  and  annoying  to  traffic. 


Boulevard  Policy. — This  policy  advocates  the  extensive  use  of  high  first  cost, 
low  maintenance  charge  pavements  even  for  roads  carrying  as  low  as  300  vehicles  per 
day.  It  ignores  immediate  temporary  improvement  of  existing  roads.  Its  slogan  is 
"Build  the  Maintenance  into  the  Road."  It  derives  its  strength  from  the  fact  that 
the  highway  maintenance  problem  has  not  been  very  well  handled  in  many  cases,  with 
the  inference  that  highway  maintenance  cannot  be  well  handled  even  if  interest  is 
aroused  in  the  matter.  This  policy  offers  considerable  freedom  from  the  annoying 
problem  of  maintenance  for  the  first  few  years;  it  insures  extreme  refinements  of 
pleasure  and  convenience  for  travel  on  the  roads  that  are  actually  built;  it  tends  to 
keep  motor  taxation  at  a  lower  figure  for  the  first  few  years;  it  appeals  to  the 
unthinking  demand  for  spectacular  boulevards  but  makes  it  impossible  to  provide 
fairly  good  traffic  service  over  a  large  mileage  of  highways  within  a  reasonably  short 
time.  That  is,  if  quick  general  traffic  service  to  all  parts  of  the  community  is  consid- 
ered important,  this  policy  cannot  possibly  succeed  for  districts  other  than  rich 
metropolitan  areas. 

Cheap  Pavement  Policy. — The  second  pohcy  (Cheap  Pavement)  advocates  the 
immediate  construction  of  a  large  mileage  of  cheaper  type  pavements  even  on  heavy 
traffic  roads.  The  idea  is  to  provide  immediate  service  over  a  large  mileage  regardless 
of  the  final  cost  of  such  a  program  to  the  community.  This  policy  requires  an 
extremely  heavy  maintenance  burden  and  frequent  reconstruction.  For  the  first  few 
years  it  apparently  accomplishes  wonders  but  in  a  short  time  the  roads  begin  to  go  to 
pieces  faster  than  they  can  be  rebuilt  and  it  becomes  impossible  to  expand  the  mileage 
of  improved  roads  as  all  the  funds  are  required  for  renewals.  It  is  not  possible  to  get 
very  far  in  this  way  for  heavy  traffic  roads  but  it  has  some  merit  for  the  purely  local 
roads  and  is  sound  policy  in  thinly  settled  pioneer  or  purely  agricultural  districts. 

General  Utility  Policy. — The  third  policy  (General  Utility)  advocates  the  construc- 
tion of  moderately  good,  moderately  low  priced  pavements  (including  gravel,  water- 
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bound  macadam  oiled,  bituminous  macadam  and  a  small  mileage  of  rigid  pavements) 
appropriate  to  the  different  volumes  of  traffic  to  which  the  roads  are  subjected.  It 
advocates  efficient  maintenance  of  such  improvements.  It  advocates  small  expendi- 
tures for  patrol  maintenance  and  minor  betterments  to  make  the  best  temporary  use 
of  the  existing  roads.  This  policy  gives  more  immediate  traffic  service  over  a  larger 
mileage  for  limited  funds  than  obtained  by  the  boulevard  policy  and  eliminates  waste- 
ful expenditure  on  excessive  maintenance  or  too  frequent  reconstruction  introduced  by 
the  cheap  pavement  policy.  Its  success  depends  on  the  efficiency  of  maintenance. 
The  supporters  of  this  policy  know  that  maintenance  has  been  well  handled  in  some 
cases  and  insist  that  it  must  be  well  handled  if  a  good  general  highway  system  is  ever 
achieved.  This  policy  advocates  the  original  construction  of  the  improved  roads  up 
to  Standards  of  General  Utility  by  general  taxation;  the  maintenance  and  renewal  of 
the  main  roads  by  vehicle  taxation;  the  immediate  temporary  improvement  of  gaps  on 
the  main  roads  by  vehicle  taxation  and  the  maintenance  and  renewal  of  local  roads  by 
a  graduated  general  tax.  It  is  usually  possible  to  expand  the  system  gradually  under 
such  a  distribution  of  the  burden  without  losing  the  effectiveness  of  the  previously 
improved  roads.  The  General  Utility  Policy  seems  to  have  considerable  merit  for 
most  localities.  The  principles  of  applying  this  policy  are  summarized  at  the  end  of 
the  chapter,  page  61. 

Need  for  Economy. — Even  the  most  casual  analysis  of  the  national 
road  problem  as  it  exists  today  (1922)  leaves  a  very  definite  impression 
that  caution  must  be  exercised  to  keep  high  priced  boulevard  construction 
to  a  minimum  of  miles,  where  it  is  absolutely  needed.  It  is  unfortunate 
that  it  is  necessary  to  advise  caution  in  connection  with  highway  expendi- 
tures. Such  action  is  never  popular  and  its  need  is  rarely  appreciated 
until  after  the  damage  is  done.  Most  communities  are  in  a  class  with  the 
small  boy  whose  mother  said,  ''Johnny,  if  you  eat  any  more,  you  will 
explode."  "Never  mind,  Ma,  pass  the  pie  and  get  out  of  the  way."  There 
is,  however,  enough  definite  evidence  in  regard  to  the  cost  of  construction 
and  upkeep  of  high  class  modern  highways  and  in  regard  to  the  failure  of 
even  rich  communities  to  keep  them  in  good  repair  to  warrant  caution 
in  inaugerating  programs  involving  too  much  perfection  of  travel  comfort 
over  a  large  percentage  of  the  total  road  mileage.  Pavements  permitting 
year  round  use  for  moderate  loads  with  moderate  comfort  are  an  economic 
necessity.  Additional  comfort  and  strength  is  a  desirable  refinement. 
A  definite  analysis  of  a  rich  district  is  given  pages  49  to  57  showing  the 
necessity  for  caution. 

Field  for  Economies. — The  almost  universal  lack  of  entirely  adequate 
funds  that  can  be  properly  apportioned  to  any  specific  road  improvement 
makes  it  necessary  to  economize  on  some  details  of  the  design.  As  dis- 
cussed in  the  first  book  of  this  series,  it  is  certain  that  reasonably  good 
location,  grading  and  drainage  must  not  be  slighted  as  they  are  the 
permanent  elements  of  the  improvement.  Where  economies  are  necessary, 
they  may  well  he  confined  largely  to  the  items  of  excessive  refinements  of 
location  and  pavement  design.  It  is  not  permissible  to  sacrifice  adequate 
pavement    strength  for   7'easonably   regulated  traffic,  hut  economy    in  the 


GENERAL  ADMINISTRATIVE  CONSIDERATIONS  7 

elements  of  ividth  and  perfection  of  surfaces  is  justified.  Excessive  refiii(>- 
ments  in  either  location  or  pavement  construction  should  be  restricted  to 
special  service  heavy  traffic  roads  in  rich  districts.  A  definite  illustration 
of  the  application  of  reasonable  economy  is  given  in  official  reports,  pages 
153,  159,  477. 

Administrative  Considerations. — The  province  of  administrative 
highway  engineering  lies  in  determining  how  much  the  community 
needs  for  highway  purposes,  how  much  it  can  reasonably  raise  and  how 
this  amount  can  be  best  spent  to  give  the  most  service  to  the  travelling 
public.  It  cannot  properly  consider  one  road  as  an  isolated  problem;  it 
should  not  overemphasize  the  importance  of  the  improvement  of  the 
main  roads  to  the  exclusion  of  reasonable  treatment  of  the  feeder  roads  as 
each  road  or  class  of  roads  is  an  integral  part  of  traffic  service  for  the 
entire  district. 

Sound  administrative  policy  is  based  on  the  relation  of  the  service 
value  of  highways  to  permissible  maximum  tax  rates,  the  distribution 
of  the  tax  burden,  the  raising  of  funds  for  construction  and  maintenance, 
the  requirements  of  traffic,  the  necessity  for  regulation  of  traffic,  the 
layout  of  systems,  the  classification  of  roads  as  to  their  relative  impor- 
tance, the  order  of  construction  and  finally  the  stipulation  of  what  is  a 
reasonable  limit  of  expenditure  (considering  the  entire  problem)  for  the 
special  project  under  immediate  consideration.  The  engineering  design 
should  conform  to  this  limit. 

Basic  Administrative  Principles. — The  detail  discussion  is  taken  up 
later  in  the  chapter  but  at  this  point,  it  is  just  as  well  to  emphasize  two 
basic  principles. 

1.  Communities  are   usually  best   served  by  the   policy  of  Progressive 

Improvement. 

2.  There  should  be  a  well-defined  relation  between  the  general  character  of 

the  highway  system  and  the  method  of  taxation. 
Progressive  Improvement. — Progressive  improvement  is  defined  as  a 
series  of  improvements  which  gradually  raise  the  effectiveness  of  the 
highway  from  a  poorly  graded  and  drained  earth  road  to  a  high  class 
modern  pavement.  This  method  has  the  advantage  of  giving  the  best 
possible  immediate  service  to  traffic  that  can  be  accomplished  with  limited 
funds.  It  has  the  disadvantage  of  raising  the  total  final  cost,  as  a  series 
of  operations  is  always  more  expensive  than  one  complete  job.  However, 
if  foresight  and  a  set  plan  is  adopted  at  the  start,  each  step  of  the  improve- 
ment can  be  utilized  as  a  part  of  the  final  result  which  eliminates  most 
of  the  waste  introduced  by  the  prevalent  system  of  a  series  of  unrelated 
work  which  at  each  step  tears  out  more  or  less  previous  work.  Very 
excellent  systems  of  progressive  improvement  have  been  inaugurated  by  a 
number  of  the  states  which  are  handicapped  by  low  assessed  valuations, 
one  example  of  which  is  shown  Fig.  4. 
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Even  in  the  richer  states,  the  pohcy  of  progressive  improvement  is  nec- 
essary for  a  portion  of  the  mileage  and  in  the  poorer  districts  it  must  often 
be  carried  to  quite  extreme  lengths.  It  is,  however,  generally  sound 
policy,  considering  the  cost  of  traffic  operation,  as  the  saving  in  traffic  cost 
due  to  the  rapid  completion  of  moderately  good  year  round  roads  far 
outweighs  the  added  final  cost  of  construction  introduced  by  the  necessity 
of  reconstruction  up  to  higher  standards  of  comfort.  The  variation  in  the 
application  of  this  policy  may  be  indicated  as  follows : 

It  is  quite  generally  recognized,  for  districts  where  the  roads  are  largely 
unpaved,  that  the  most  important  result  to  he  achieved  is  to  make  the  entire 
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Fig.   4. — North   Carolina  progressive  improvement. 


system  usable  the  year  round  for  moderate  loads  and  that  the  quicker  this  is 
accomplished  the  better  it  is  for  the  co7nmunity. 

Where  a  district  has  brought  traffic  "out  of  the  mud''  by  a  complete 
system  of  moderately  serviceable  roads,  further  improvements  should  consider 
only  a  proper  economic  pavement  design  suitable  for  expected  traffic.  The 
element  of  time  is  not  vitally  important. 

In  the  first  case,  relatively  poor  pavement  surfaces  are  often  necessary 
in  order  to  eliminate  mud  roads  with  available  funds  but  the  location, 
grading  and  drainage  must  be  up  to  the  final  standard.  The  surface  can 
be  improved  later  under  reconstruction  programs  up  to  standards  provid- 
ing more  comfort  and  convenience  for  traffic.  Inconvenient,  narrow  pave- 
ment surfaces  are  often  justified  as  temporary  expedients  but  it  is  rarely 
allowable  to  build  structurally  weak  pavement  foundations  unsuitable 
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for  year  round  use  of  moderate  loads  (23-^-1011  trucks)  in  order  to  get 
mileage. 

In  the  second  case,  where  most  of  the  roads  are  serviceable  and  some 
are  excellent,  there  is  very  little  real  economic  loss  through  a  little  minor 
inconvenience  to  traffic  in  the  matter  of  dust  or  roughness  on  a  portion 
of  the  highways.  It  is  permissible  to  extend  a  reconstruction  program 
over  a  more  or  less  indefinite  period  but  the  element  of  time  is  still  impor- 
tant. Under  these  conditions  where  the  funds  are  inadequate  for  com- 
pletely finishing  the  system  with  truly  economic  roads,  the  mileage  for 
immediately  available  funds  may  better  be  cut  rather  than  again  dis- 
tribute the  funds  over  the  entire  system. 

Effect  of  Tax. — It  is  desirable  of  course  for  the  original  legislative 
plan  to  tax  the  proper  sources  for  the  kind  of  highway  system  the  com- 
munity needs.  As  a  matter  of  fact  in  the  desire  to  raise  the  money 
any  available  source  of  revenue  is  used  and  large  bond  issues  are  author- 
ized to  be  paid  for  either  by  general  taxation  or  by  vehicle  taxation  or  by 
combinations  of  the  two.  No  broad  plan  of  construction  is  contained 
in  many  of  these  authorization  laws  and  successive  administrations  which 
expend  the  funds  adopt  radically  different  general  policies.  The  same 
bond  issue  may  be  partially  spent  under  the  cheap  Pavement  Policy, 
partially  spent  under  the  Boulevard  Policy  and  finished  up  under  the 
General  Utility  Policy.  It  is  therefore  just  as  well  to  consider  the  source 
of  the  money  in  deciding  on  the  basis  of  expenditure. 

If  a  construction  program  is  financed  by  a  general  tax  levy,  it  seems 
good  sense  to  use  the  funds  for  the  rapid  construction  of  a  fairly  complete 
general  utihty  system  of  highways  suitable  for  the  average  road  user.  It 
is  no  more  than  reasonable  to  restrict  the  character  of  pavements,  other 
design  features  and  traffic  loads  to  the  limit  required  for  the  general  com- 
munity benefit.  That  is,  extreme  refinements  either  of  location  or  pave- 
ment design  or  extreme  traffic  loads  are  of  very  little  benefit  to  the 
community  at  large  except  for  a  comparatively  small  mileage  of  special 
service  roads  and  there  seems  to  be  no  reason  why  it  should  bear  a 
needlessly  high  construction  or  maintenance  burden  on  secondary  roads 
for  the  benefit  of  a  small  percentage  of  the  actual  road  users. 

If  a  reconstruction  program  is  financed  by  direct  graduated  vehicle 
taxes  of  which  trucks  pay  their  fair  share  a  much  higher  type  of  pavement, 
more  refinements  of  location  and  greater  freedom  of  movement  for 
exceptionally  heavy  loads  are  permissible  and  are  in  fact  undoubtedly 
justified  considering  the  economic  hauling  requirements  of  special 
industries.  Such  funds  may  also  properly  be  used  largely  for  main  road 
construction  without  much  consideration  of  purely  local  roads.  That  is, 
large  expenditures  for  a  limited  mileage  of  special  roads  may  be  justified. 

This  principle  of  the  limitation  of  expenditure  depending  on  who  foots 
the  bill  is  not  particularh'  popular  in  various  quarters.     There  is  no 
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apparent  reason,  however,  why  exceptionally  heavy  truck  haulage  should 
be  subsidized  by  a  general  tax  levy.  If  any  industry  cannot  stand  its 
share  of  a  reasonable  highway  trackage  charge,  made  necessary  by  the 
type  of  vehicle  it  is  using,  and  still  compete  with  other  carriers  which 
provide  and  maintain  their  own  trackage,  it  is  sound  business  to  restrict 
that  industry  to  a  lighter  type  of  vehicle.  This,  however,  does  not  nor- 
mally affect  a  large  number  of  road  users,  as  discussed  under  traffic  require- 
ments. It  is  quite  natural  that  active  propaganda  has  often  obscured 
the  relative  extent  and  value  of  this  type  of  haulage  and  saddled  road 
districts  with  an  extreme  burden  in  connection  with  the  construction 
or  maintenance  of  secondary  and  local  roads.  It  is,  however,  entirely 
unnecessary  to  permit  minority  interests  to  continue  in  control  of  funda- 
mental policy. 

Ordinary  Administrative  Practice. — Before  taking  up  the  detail  dis- 
cussion of  administrative  theory,  it  is,  perhaps,  just  as  well  to  summarize 
the  progress  which  has  been  made  and  the  common  faults  of  existing 
administrative  practice. 

Theoretically,  the  problem  is  complex  but  subject  to  quite  logical 
engineering  analysis.  Practically,  the  solutions  only  give  minor  con- 
sideration to  the  technical  slant.  During  the  past  fifteen  years  the 
routine  technical  details  of  design  and  construction  have  made  rapid 
strides  and  have  reached  quite  excellent  standards.  During  this  period, 
general  administrative  procedure  has  shown  some  net  improvement  but 
we  all  get  a  little  impatient  at  times  that  the  progress  is  not  more  rapid. 
Highway  administration  is  handicapped  by  the  difficulty  of  attempting 
to  reconcile  the  conflicting  interests  of  special  favor  and  general  com- 
munity benefit.  Considering  this  fundamental  difficulty,  the  results 
to  date  are  remarkably  good  and  may  be  summarized  as  follows.  Stand- 
ards of  design  and  construction  have  been  radically  improved.  Finance 
and  tax  methods  have  advanced  as  shown  by  the  tendency  to  eliminate 
long  term  sinking  fund  bonds  and  the  adoption  of  more  rational  motor 
taxation  but  the  relation  of  the  amounts  raised  by  means  of  general 
taxation  and  direct  traffic  tax  needs  further  consideration.  Traffic 
regulation  based  on  engineering  recommendations  is  receiving  some 
legislative  attention,  but  the  laws  have  been  half-heartedly  enforced  in 
many  cases.  Pavement  type  selection  is  open  to  radical  improvement 
from  the  standpoint  of  real  community  benefit.  The  layout  of  systems 
and  the  order  of  construction  of  the  roads  are  still  largely  administered 
with  an  eye  on  the  next  election.  The  personnel  of  the  engineering  and 
maintenance  organizations  is  given  very  little  incentive  for  clean  cut 
efficiency  or  for  enthusiastic  regard  for  real  community  service,  the  main 
difficulties  being  short  tenure  of  executive  office,  civil  service  limitations 
and  niggardly  pay. 
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The  intention  of  this  book  is  to  present  the  problem  from  the  stand- 
point of  the  Designing  and  Constructing  Engineer,  and  it  is  safe  to  say 
that  the  greatest  difficulty  they  have  to  contend  with  lies  in  the  general 
attitude,  which,  from  lack  of  a  better  term,  will  be  called  the  hypocrisy 
of  adtnitiistration.  The  point  of  view  expressed  as  follows  is  intended  as 
constructive  criticism  and  not  in  any  sense  as  a  destructive  argument. 
Construction  engineers  are  making  an  uphill  fight  and  their  point  of  view 
is  entitled  to  consideration.  We  have  seen  so  many  promising  young 
engineers  ruined  by  this  administrative  fault  that  it  seems  well  worth 
while  to  state  the  facts  without  mincing  words.  When  they  say  that  the 
main  difficulty  lies  in  hypocrisy,  they  refer  to  the  following  common 
procedure : 

Highway  departments  adopt  for  pubhcity  purposes  platforms  com- 
posed of  very  excellent  general  principles  of  finance,  design,  construc- 
tion and  theoretical  organization  and  then  proceed  to  violate  these 
principles  in  varying  degree  with  clockwork  regularity.  That  is,  the 
actual  working  of  the  popular  slogan  of  "Economy  and  Efficiency"  as 
applied  to  many  highwaj^  departments  is  quite  accurately  expressed  by 
the  old  nursery  rhyme. 

"Now  there  is  no  such  thing  as  a  Ginko  Tree. 
There  never  was,  though  there  ought  to  be 
And  its  also  true,  though  most  absurd, 
There  is  no  such  thing  as  a  Wallabye  Bird." 

The  engineers  in  the  organization  are  told  to  hold  strictly  to  the  princi- 
ples and  detail  procedure  publicly  expressed  and  then  the  organization  is 
either  purposely  or  inadvertently  crippled  so  that  it  is  impossible  to  carry 
out  the  publicly  expressed  directions.  Care  is  usually  taken  not  to 
cripple  effectiveness  to  the  danger  point  of  easily  detected  inefficiency  but 
all  the  experienced  engineers  know  what  is  going  on  and  realize  the 
tremendous  waste  of  public  funds  resulting  from  the  lack  of  moderately 
effective  organization.  Where  public  criticism  does  occur,  the  depart- 
ments point  to  their  enormous  file  of  general  circular  letters  and  public 
utterences  which  are  eminently  correct  and  say  that  they  have  done 
everything  humanly  possible  to  carry  out  an  effective  program  for  the 
benefit  of  the  community.  Luckily  at  times  an  unusual  combination  of 
circumstances  makes  it  possible  for  a  high  class  executive  to  carry  out  an 
effective  program  and  it  is  during  such  periods  that  most  advances  in 
practice  occur.  These  advances  are  rarely  completely  lost^as  the 
standard  set  is  hard  to  discredit  and  dangerous  to  lower.  There  are 
many  cases  where  inexperienced  executives  intend  to  develop  efficient 
organizations  but  fail  on  account  of  ignorance  of  the  requirements  and 
disloyalty  of  subordinates  but  the  quite  common  and  continuous  condition 
of  radical  disagreement  between  the  publicly  expressed  policy  of  public 
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service  and  actual  performance  of  inefficiency  and  more  or  less  special 
favor  cannot  be  charged  to  ignorance  and  it  is  against  this  tendency 
that  engineers  may  well  throw  their  influence.  For  the  benefit  of  the 
younger  men,  it  is,  perhaps,  just  as  well  to  outline  the  indirect  methods 
used  to  cripple  organizations  without  apparent  intention  and  to  suggest 
a  very  simple  method  of  procedure  which  even  the  subordinate  engineers 
can  use  with  some  effect  in  minimizing  insincerity  and  indirection  in 
administrative  action. 

The  following  general  indirect  methods  are  often  used  to  reduce 
efficiency  of  organizations  and  to  increase  the  ease  of  granting  special 
favor.  The  responsible  highway  executives  are  not  usually  in  favor  of 
this  stuff  but  it  is  forced  on  them  by  our  system  of  public  work  for  which 
the  community  at  large  is  definitely  to  blame. 

1.  The  adoption  of  low  salary  standards  for  engineers  and  inspectors 
ostensibly  on  the  score  of  payroll  economy  for  the  benefit  of  the  dear 
taxpayer  but  actually  because  mediocre  talent  is  desired  as  it  can  be  more 
easily  manipulated. 

2.  The  adoption  of  the  policy  of  too  small  a  force  of  high  grade  well 
paid  engineers  and  inspectors  which  overloads  the  good  men  with  work 
and  gives  them  no  chance  for  really  effective  supervision.  This  policy 
sounds  fine  in  producing  the  impression  that  an  earnest  effort  is  being 
made  to  utilize  high  grade  talent  but  the  result  approaches  zero  in  actual 
effectiveness. 

3.  The  policy  of  demanding  plans  and  estimates  on  such  short  notice 
that  there  is  no  possibility  of  giving  them  reasonable  thought  and  care  in 
preparation.  A  very  conservative  estimate  of  the  loss  due  to  such 
action  has  often  been  5  to  10  per  cent  of  the  cost  of  large  programs. 

4.  The  policy  of  placing  inexperienced  young  engineers  in  charge 
of  large  contracts  where  there  is  no  possibility  of  their  being  really  effec- 
tive which  encourages  the  practice  of  Court  of  Claims  contract  extras. 

5.  The  transfer  of  efficient  engineers  and  inspectors  who  are  rigidly 
enforcing  specifications  not  intended  to  be  rigidly  enforced  on  certain  jobs. 
Luckily  this  method  is  losing  its  popularity. 

6.  The  general  policy  of  failing  to  keep  accurate  records  of  the  per- 
formance of  various  types  of  pavement  and  the  cost  of  maintenance  and 
in  general,  befogging  the  finance  and  pavement  problem  from  lack  of 
definite  data. 

Where  these  policies  are  adopted  purposely,  the  administration  is 
anxious  to  conceal  the  real  workings  of  the  system  and  all  the  older 
engineers  understand  that  a  very  effective  way  to  combat  objectionable 
results  is  to  record  procedure  in  written  form.  In  almost  all  cases, 
definite  written  decisions  and  orders  which  state  plainly  the  actual  result 
which  is  occurring  and  the  reason  for  its  occurrence  protects  them 
personally  and  stops  its  application  for  the  particular  case  in  question. 
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Engineers  naturally  object  to  being  used  as  tools  for  special  favor, 
particularh'  if  the}-  must  take  the  blame,  and  for  the  benefit  of  the 
younger  men  a  few  definite  suggestions  are  made. 

There  is  no  reason  for  being  unduly  suspicious  but  it  is  well  to  keep 
your  eyes  open  for  procedure  of  this  kind  and  to  draw  the  line  at  the 
proper  point.  Loyalty  and  cooperation  with  your  organization  and 
immediate  chief  are  essential  and  are  generally  justified  from  a  personal 
standpoint  but  if  you  become  convinced  that  you  are  being  made  a  tool 
of  indirect  methods  of  granting  favors,  it  is  not  good  policy  to  compromise 
with  the  principle  of  effective  public  service.  The  experience  of  the  older 
men  indicates  that  the  following  ordinary  every  da}^  procedure  is  desirable. 

Specifications  and  explicit  directions  must  be  rigidly  enforced.  If 
they  are  impracticable  or  needlessly  harsh,  the  remedy  lies  in  changing  the 
specifications  or  instructions  and  not  in  easing  up  on  the  enforcement. 
If  the  constructing  engineer  receives  verbal  instructions  to  ease  up,  the 
safest  procedure  is  to  write  a  definite  letter  to  your  chief  stating  what 
verbal  orders  have  been  received  and  from  whom  received  and 
that  you  are  carrying  them  out.  A  simple  statement  of  fact  is  sufficient. 
If  the  change  is  justifiable,  a  definite  record  does  no  harm;  if  the  change  is 
unjustifiable,  a  definite  statement  of  procedure  in  writing  as  a  matter  of 
oflBcial  record  generally  has  the  beneficial  effect  of  revocation  of  the  order. 
This  is  a  matter  of  common  experience. 

If  you  are  working  short  handed  and  feel  that  proper  supervision 
cannot  be  given  to  the  work,  it  is  good  policy  to  write  an  official  letter  to 
your  chief  stating  that  you  cannot  be  responsible  for  the  character  of  the 
construction  unless  your  inspection  force  is  increased  either  by  additional 
men  or  more  intelligent  help.  There  have  been  innumerable  cases 
where  with  full  knowledge  of  conditions  reasonable  inspection  was  denied 
until  action  of  this  kind  was  taken  and  at  once  proper  inspection  furnished. 
There  are  many  cases  where  through  actual  shortage  of  men  additional 
help  cannot  be  furnished  but  it  is  desirable  to  go  on  written  record  for 
your  own  protection. 

If  plans  are  demanded  on  short  notice,  it  is  often  necessary  to  meet  the 
time  limit  but  the  engineer  should  accompany  the  half-baked  result  with  a 
simple  wi'itten  statement  that  it  is  possible  by  further  study  to  produce  a 
more  effective  or  economical  design. 

It  is  desirable  to  encourage  the  younger  men  to  adopt  the  policy  of 
definite  written  orders  and  reports  officially  recorded.  It  is  not  only  a 
safeguard  but  encourages  them  to  consider  carefully  before  making 
decisions.  It  clarifies  their  own  ideas  and  is  a  distinct  help  to  their  chief 
if  he  wants  good  results.  If  good  results  are  not  desired,  this  method 
causes  friction  and  temporary  trouble  but  trouble  is  not  an  undesirable 
episode  under  certain  conditions  and  we  rather  enjoy  it  whether  we  get 
licked  or  not.     An  occasional  licking  is  most  certainly  preferable  to  being 
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known  as  "Alibi  Ike"  or  to  having  the  motto  of  "Peace  at  Any  Price" 
pinned  on  to  your  reputation. 

On  the  other  hand  too  many  of  the  subordinate  engineers  are  soured  by 
minor  imperfections  of  procedure.  They  dissipate  their  energy  in  merely 
antagonistic  criticism.  This  gets  nowhere.  What  counts  is  what 
they  advocate,  not  what  they  oppose.  Results  are  obtained  by  the 
affirmative,  constructive,  mental  attitude  which  having  decided  on  a 
desirable  solution  demands  action  as  near  the  ideal  as  can  be  obtained  at 
the  moment  but  will  not  compromise  on  fundamental  essentials  which  are 
merely  insistence  on  good  work,  regardless  of  pressure;  on  fair  statements 
of  fact,  regardless  of  pressure;  and  on  common  honesty,  regardless  of 
pressure.     They  have  little  to  do  with  technical  knowledge. 

Very  few  engineers  have  any  direct  influence  on  the  broad  policies  of 
taxation,  traffic  regulation  and  the  selection  of  type  but  they  can  exert 
considerable  indirect  influence  by  discussing  the  problem  publicly  or  by 
ordinary  discussion  with  people  they  meet  in  daily  contact.  It  is  certainly 
well  worth  while  for  the  student  to  consider  the  factors  and  to  formulate 
general  policies  he  is  willing  to  support.  The  detail  discussion  of  adminis- 
trative theory  follows  under  the  headings  of : 

1.  Value  of  Highway  Improvements. 

2.  Distribution  of  the  Tax  Burden. 

3.  Traffic  Requirements. 

4.  General  Suitability  and  Final  Cost  of  Pavement  Types. 

5.  Classification  of  Roads. 

6.  Order  of  Construction. 

7.  Financing  the  Improvements. 

8.  Example  of  Administrative  Analysis  of  Reasonal  Expenditures. 

9.  Research  and  Records. 
10.  Organization  Personnel. 

GENERAL  VALUE  OF  IMPROVED  ROAD  SYSTEMS  AND  THE  ECONOMIC 
HAULING  VALUE  OF  PAVEMENTS 

The  value  of  a  highway  system  is  measured  by  both  its  direct  and 
indirect  benefits.  A  complete  system  of  highways  usable  the  year  round 
for  reasonably  regulated  traffic  raises  the  living  standard  of  the  community 
as  well  as  paying  for  itself  directly  by  reducing  the  cost  of  travel.  Some 
of  the  benefits  of  a  complete  network  of  roads  are  listed  as  follows : 

1.  They  provide  lines  of  communication  to  all  parts  of  the  district 
and  save  time  of  travel. 

2.  They  provide  direct  contact  hauling  service  to  all  parts  of  the  pro- 
ducing area  of  the  district  for  the  entire  year. 

3.  They  make  rural  hfe  more  attractive  and  tend  to  stabilize  a  healthy 
ratio  of  rural  and  city  population. 
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4.  They  increase  the  social  and  recreational  possibilities  of  both  city 
and  rural  residence. 

5.  They  increase  the  flexibility  and  strength  of  the  general  transporta- 
tion system  of  the  county  in  times  of  unusual  stress  such  as  military  use  in 
time  of  war  and  emergency  transportation  in  case  the  railroad  systems  are 
tied  up  by  strikes  or  otherwise. 

6.  They  raise  rural  land  values. 

7.  They  decrease  the  cost  of  short  hauls  on  farm  produce. 

8.  They  increase  the  range  of  marketing  both  in  respect  to  distance 
and  favorable  selling  periods. 

9.  Thej'^  decrease  the  cost  of  moderately  long  haul  for  some  com- 
mercial products  up  to  say  a  100-mile  distance  in  competition  with  rail- 
road haul  and  for  certain  commodities  up  to  perhaps  a  200-mile  distance. 

It  is  self  evident  that  a  complete  system  of  general  utility  roads  either 
directly  or  indirectly  benefits  everyone  in  the  community.  It  is  not 
necessary  to  put  an  exact  money  value  on  the  benefits  derived.  •  Even  if 
the  direct  money  return  of  reduced  hauhng  expense  is  ignored  the  more 
or  less  intangible  benefits  of  items  1  to  5  would  justify  any  necessary 
expenditure  to  obtain  a  complete  system  suitable  for  the  needs  of  the 
community  at  large.  These  general  community  benefits  depend,  however, 
very  largely  on  the  factor  of  the  completeness  of  the  system  for  the  average  user 
and  not  on  extreme  refinements  of  construction.  These  benefits  are  very 
largely  reduced  by  inadequate  mileage  or  delay  in  bringing  the  entire 
system  up  to  a  moderately  good  standard. 

The  community  at  large  derives  its  return  on  highway  investment  by 
providing  traffic  service  for  the  average  user.  It  derives  very  little  real 
return  on  additional  expenditures  made  necessary  for  the  convenience  of 
a  small  number  of  exceptional  users.  As  a  matter  of  fact,  the  reduced  cost 
of  hauling  does  not  particularly  impress  the  average  user;  even  the  farmer 
in  hauling  produce  thinks  more  of  his  saving  in  time,  added  range  of 
market  and  continuous  ability  to  haul  than  he  does  of  a  ton  mile  reduction 
in  cost. 

If,  however,  the  value  of  a  road  system  is  considered  entirely  from  the 
standpoint  of  economic  travel  benefit,  it  is  certain  that  this  feature  alone 
will  amply  justify  the  construction  of  a  moderate  priced  general  utility 
system  hut  it  is  doubtful  if  a  further  raise  in  general  standard  on  ?noderate 
traffic  roads  can  be  justified  for  the  benefit  of  a  few  exceptional  users. 

Economic  Hauling  Value  of  Pavements. — The  economic  hauling 
advantages  of  improved  location  and  grade  reductions  were  analyzed  in 
the  first  book  of  this  series  (Highway  Location,  Grading  and  Drainage). 
For  the  convenience  of  the  reader  pages  154,  477  and  581  give  official 
reports  showing  the  value  of  grading  and  relocations  and  the  method  of 
comparison.  It  is  not  necessary  at  this  point  in  the  discussion  to  more 
than  state  that  the  capitalized  value  of  such  improvements  at  5  per  cent 
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Rate  of  Grode,  Per  Cent 
25456789 


probably  ranges  between  $10  and  $50  per  foot  of  distance  saved  (depending 
on  the  character  of  the  traffic)  for  an  average  vokime  of  traffic  of  100 

vehicles  daily  and  a  value 
of  between  $5  and  $1,400 
(depending  on  the  character 
of  traffic  and  rate  of  grade) 
for  saving  1  foot  of  rise  and 
fall  for  a  volume  of  traffic 
averaging  100  daily.  (See 
Figs.  5  and  5^.) 

The  economic  hauling 
value  of  pavements  has  not 
been  definitely  established 
nor  is  it  possible  to  establish 
this  or  forecast  future  costs 
with  any  degree  of  exactness, 
but  a  reasonably  close  esti- 
mate can  be  derived  for 
purposes  of  a  general  conclu- 
sion. Considerable  experi- 
mental work  to  determine 
the  economic  value  of  hard 
surfaced  pavements  is  being 
carried  on.  The  data  is 
useful  in  a  general  way  but 
must  be  used  with  caution 
as  it  is  extremely  difficult  to 
apply  experimental  values  to 
the  wide  range  of  traffic  and 
pavement  conditions  on  the 
ordinary  road  at  different 
seasons  of  the  year  or  to 
forcast  changes  in  fuel  costs, 
engine  efficiencies,  etc. 

In  comparing  earth  roads 
with  various  other  pave- 
ments such  as  gravel,  modern 
macadam  and  rigid  pave- 
ments, the  special  condition 
of  an  impassable  earth  road 
in  wet  weather  or  ideal  con- 
ditions in  dry  weather  are 
ignored  and  average  con- 
ditions accepted.     It  is  assumed  also  that  each  type  of  road  is   well 
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Fig.  5. — This  graph  indicates  an  approximate 
basis  for  comparison  of  alternate  locations  and  grade 
design.  The  capitalized  operating  cost  is  based  on  a 
volume  of  travel  of  100  vehicles  daily  for  1  foot  of 
distance  on  the  various  rates  of  grade  assuming  that 
3^^  the  travel  is  up  hill  and  3^2  down  hill. 
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maintained  and  structurabl}^  able  to  hold  the  traffic  load.  Under 
these  conditions  there  is  some  difference  in  the  wear  and  tear  on 
mechanical  equipment  in  fuel  consumption  and  in  speed  of  travel. 
This  difference  depends  on  a  number  of  factors  but  the  tj'pe  of  pavement 
and  its  general  condition  are  the  main  factors.  Macadam  or  gravel  in 
excellent  condition  require  less  fuel  consumption  than  where  they  are 
poorly  maintained.  New  smooth  rigid  pavements  require  less  fuel  than 
the}'  do  as  they  age  and  develop  imperfections  of  surface.  Rigid  pave- 
ments in  their  last  stages  before  reconstruction  are  worse  than  macadam 
arc  generally  permitted  to  become  because  they  are  so  expensive  and 
difficult  to  repair  that  more  inconvenience  is  tolerated  for  a  longer  time 
than  is  usually  permitted  on  easily  repaired  macadam. 


4  5         G         7  ,  .  . 

Rote  of  Grade^ Per  Cent 

Fig.  0--1. — This  graph  illustrates  the  approximate  effect  of  dangerous  alignment  on 
motor  operating  costs.  (Time  factor  included)  Curve  A  safe  alignment.  Curve  B 
dangerous  alignment  (see  Highway  Location  Grading  and  Drainage  page  141  for  discussion.) 

Table  V 


Kind  of  pavement 


Rolling  resistance 

jin  pounds  per  ton  of 

load  (level  grade) 


Kind  of  pavement 


j  Rolling  resistance 

linpoundsper  ton  of 

load  (level  grade) 


Asphalt 

Brick  and  concrete. 

Cobble  stones 

Earth  roads 

Gravel  roads 


30  to  70 
15  to    40 

50  to  100 
50  to  200 
50  to  100 


Macadam  roads 

Plank 

Stone  block .... 
Wood  block.  .  .  . 


20  to  100 
30  to  50 
30  to  80 
30  to    50 


The  accompanying  vialog  charts  show  the  wide  range  in  surface  rough- 
ness of  pavements  of  all  types  due  to  age  (see  page  18). 

Table  1  shows  the  variation  in  resistance  to  the  movement  of  loads 
on  various  pavements.  It  indicates  a  wide  range  for  each  kind  of  pave- 
ment. It  may  well  be  that  under  favorable  condition  an  earth  road  well 
maintained  may  actually  offer  less  resistance  than  an  old  rigid  pavement 

1  Bakers,  "Roads  and  Pavements." 
2 


18 


RURAL  HIGHWAY  PAVEMENTS 


NOTE'.  The  Coefficient  offfoughmss  is  in  inches  of 
verh'cal  irrec/utarifies  per  mile 


Good  Macadam 
Violo^  Coefficient IIO"per mire 


Good  Cement  Cone  re  fe  Payemenf 
Violog  Coefficient  £5  "per  mile 
--300fl 


Good  3 rich  Pavement 
Vi'olog  Coefficient es'permite 

JOOff 


Good  Asphalt  Concrete 
Violog  Coefficient  TS"permile 


Old  Poor  Mar:adam 
Violog  Coefficient  500" per  Mile 
SOOft - 


^\f'^'|jU''^'■^^-'^/^'^'^■  ^,/^^/K.-^Aj\jV^^=°A 


Old  Poor  2nd.  Class  Concrete  Pavement 
Violog  Coefficient3S0"permile 
JOOff. 


t^n»^»r^^^^/»VVvv'^v\>tfvV^^■^A"^)^^^>>^■'V 


Old  Poor  Brick  Pavement 
Violog  Pa  ting  3£0  "per  mile 

-300  ft 


W-'-'^^v/fV^^V^^^r-.j^^fv    rj\p„,f\. 


Old  Poor  Asphalt  Concrete 
Violog  Coefficient  300  per  mile 
jOOft     M 


NOTE'.  This  Chart  illustratzs^raphically  the  Wide  range  in  surface  ro(jghness  with  attendant 
resis  fance  fo  frachbn  on    all  Standard  Pavements  due  to  age  and  lack  of  effective  Maintenance 
The  practical  L'se  of  the  Violog  in  connection  with  Highway  Programs  /s  discussed  in  ChapB 
A  reasonable  allowance  for  increase  in  business  motor  operaHon  cost  due  fo  roughness 
is  approx.  '^ 80 per  mile  pei^gearper  100  vehicles  average  mixed  traffic  daily (3e,S00^earlgj 
for  each  100" increase  in  Violog  Coefficient 

Chart  A. — Vialog  records  of  surface  roughness  (showing  effect  of  age). 
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but  for  average  conditions  there  is  a  well-defined  advantage  for  gravel 
over  earth  and  macadam  over  gravel  but  a  comparatively  small  advantage 
for  rigid  pavements  over  well-maintained  modern  macadams. 

Tables  2  and  2B  reinforce  this  statement  by  showing  actual  fuel 
consumption.  The  tests  were  made  by  the  White  Company,  Cleveland, 
Ohio,  in  cooperation  with  the  Portland  Cement  Association  and  by  the 
Iowa  State  Experimental  Station  at  Ames  under  the  direction  of  Prof. 
Agg  and  Mr.  Goldbeck  of  the  United  States  Bureau  of  Roads. 

T.\BLE  2. — White  Company  Data 


Type  of  road 

Miles  per  gallon 
(2-ton   truck) 

rp           f         ,          Miles  per  gallon 
Type  of  road              ,^     ^      ^  ,  , 
,     (2-ton  truck) 

Earth 

5.78 
7.19 
9.39 

9.48 

Fair  brick 9  88 

Fair  gravel 

Good  brick. .                           11  44 

Good  gravel 

Good  concrete             '           11  78 

Fair  bituminous  macadam. 

Allowing  for  the  difference  in  classification  as  fair  or  good  the  follow- 
ing values  are  reasonable  for  comparative  purposes. 


Table  2 A 


Type  of  road 

Gallons  per     Miles  per  gallon 
ton  mile          (2-ton  truck) 

Earth  (average  condition) 

Gravel  (average  condition) 

Macadam  (average  condition) 

Rigid  pavements  (average  condition) 

0.083                     6.0 
0 . 059                     8.5 
0.048                    10.5 
0.046                    11  0 

Table  2B. — Gasoline  Consumption  Determinations' 


Run 


1 
2 
3 

4 
5 
6 

7 

8 

9 

10 

11 


Kind  of  road  surface 


Distance 

traveled 

miles 


Gravel — some  soft  places 60 . 0 

Gravel — hard  and  smooth 51.0 

Gravel — after  summer  shower !  6.0 

Gravel — hard  and  dry |  10.5 

Gravel — after  summer  shower  (same  road  as  run  4) .  .  .  10.5 

Gravel — hard  and  smooth 71 . 0 

Monolithic  brick  in  excellent  condition 10.78 

Same  as  run  7  on  another  day I  10 .  78 

Portland  cement  concrete — excellent  condition 68 . 0 

Bitulithic,  excellent,  in  August 13 . 0 

Bitulithic,  excellent  in  September |  8.0 


Ton-miles 

per  gallon 

of  gas 


19.8 
21.7 
18.5 
21.9 
19.0 
22.0 
29.4 
30.0 
30.7 
22.7 
24.3 


T.  R.  Agg,  Eng.  News-Record,  Dec.  7,  1922. 
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Averages  for  All  Runs 


Type  of  surface 

Gallons 

per  ton 

mile 

Ton-miles  per 
gallon  of  gas 

Earth  (generally  in  poor  condition) 

Gravel 

Monolithic  brick 

Portland  cement  concrete 

0.07 
0.05 
0.03 
0.03 
0  04 

14.0 
21.2 
29.7 
30  6 

Bitulithic 

23  4 

Relation  between  Fuel  Consumption  and  Tractive  Resistance 


Type 


Source  of  data 


Ames 


Canadian 
Engineer 


A.  N. 
Johnson 


Relative 

tractive 

resistance 


Good  pavement 

Macadam  and  bituminous  macadam 

Gravel 

Earth 


1.00 

1.43 
2.10 


1.00 
1.23 
2.1 
2.03 


1,00 
1.24 
1.64 
2.04 


1.00 
1.20 
1.6 
2.20 


These  data  and  the  discussion  in  Chap.  II  indicate  that  considerable 
fuel  saving  (probably  50  per  cent)  is  effected  by  improving  the  road  from 
soft  earth  to  a  firm  surface  but  that  very  httle  saving  (possibly  3  per  cent 
to  5  per  cent)  is  effected  by  raising  the  standard  of  pavement  construction 
beyond  that  of  well  maintained  modern  macadam  to  rigid  pavements. 
Recent  laboratory  investigations  indicate  considerable  difference  in  tire 
wear  on  different  surfaces  with  a  distinct  advantage  for  the  high  type 
smooth  surfaces  but  such  experiments  are  based  on  quite  ideal  conditions 
of  surface  and  do  not  consider  surface  deterioration,  which  occurs  on  all 
types  and  which  in  a  short  time  tends  to  reduce  the  apparent  advantage 
of  the  more  costly  pavements,  nor  do  these  experiments  consider  the  factor 
of  snow  and  ice  for  a  large  part  of  the  year.  It  is  not  likely  that  tire  wear 
or  gas  consumption  will  have  much  practical  effect  on  type  selection  where 
the  choice  is  confined  to  the  higher  type  modern  macadams  as  contrasted 
with  rigid  pavements.  This  conclusion  is  borne  out  by  common  experi- 
ence and  observation.  The  arguments  for  rigid  pavements  derive  their 
strength  from  considerations  of  maintenance  under  exceptionally  heavy 
special  traffic  conditions  and  the  fact  that  less  interruption  of  traffic 
occurs  on  account  of  fewer  maintenance  and  repair  periods  and  the  less 
frequent  necessity  for  detour.     The   possible  minor  differences  in  fuel 
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consumption  between  different  high  type  pavements  are  discussed  in 
Chap.  II. 

Figures  similar  to  those  of  Table  2  foi-  fu(4  consumption  and  what  data 
is  available  on  tire  and  engine  wear  do  not  warrant  placing  an  exact 
travel  value  on  pavement  construction  but  a  conservative  estimate  of  such 
saving  considering  fuel,  time  and  depreciation  of  equipment  for  modern 
macadam  or  rigid  pavements  over  well  maintained  earth  roads  may  be 
assumed  as  about  $0.01  per  mile  for  the  average  pleasure  vehicle  and 
about  80.01  per  ton  mile  for  trucks.  This  travel  cost-saving  due  to 
pavement  plus  the  operation  savings  due  to  better  location  and  to  grading 
improvements  must  at  least  equal  the  yearly  cost  of  the  road,  in  order  to 
justify  the  improvement  from  the  standpoint  of  travel  economy.  The 
yearly  road  charge  includes  interest  on  the  total  construction  investment 
(including  grading,  drainage  and  pavement)  and  also  the  annual  charges 
for  maintenance  and  i-enewal  of  the  highway  surface. 

Anticipating  the  discussion  of  maintenance  and  renewals,  it  is  reason- 
abl}^  certain  that  if  a  road  is  properly  designed,  fairly  well  maintained 
and  that  the  general  type  of  surfacing  used  is  suitable  for  the  traffic  the 
road  must  carry,  that  the  yearly  cost  to  keep  it  continuously  in  service- 
able condition,  depends  on  the  character  and  volume  of  traffic  and  that 
minor  variations  in  pavement  type  have  little  effect  on  final  cost.  This 
total  yearh^  charge  assuming  interest  on  the  total  original  construction 
cost  at  5  per  cent  amounts  to  from  7  to  12  per  cent  of  the  original  cost  of 
the  road  for  all  types  of  roads  that  would  normally  be  used  for  a  general 
utility  system.  The  data  is  developed  in  detail  in  Chap.  IV  on  Main- 
tenance and  Renewal. 

This  is  of  course  subject  to  some  variation  as  later  discussed  but  for 
avei'age  road  conditions  it  is  not  a  misleading  assumption  for  the  purpose 
of  deriving  a  rough  approximation  of  the  maximum  allowable  construc- 
tion cost  based  on  the  factor  of  travel  cost  saving.  Table  3  is  compiled  on 
this  basis.  Figures  of  this  kind  are  only  intended  for  deriving  average 
expenditures  on  a  large  mileage  as  there  will  always  be  short  stretches 
of  road  necessary  for  the  completion  of  a  system  which  may  greatly 
exceed  average  costs  per  mile  due  to  exceptional  conditions  of  grading, 
material  costs,  etc. 

In  order  to  show  what  these  figures  mean  in  terms  of  a  general  con- 
clusion, it  is  necessary  to  compare  them  with  the  construction  costs  of 
modern  highways  suitable  for  different  volumes  of  reasonably  regulated 
traffic  (see  Table  No.  4).  By  suitable  is  meant  roads  of  ample  strength, 
convenience  and  safety,  serving  traffic  with  moderate  comfort  and  having 
a  general  type  of  pavement  surface  which  can  be  economically  maintained. 

A  comparison  of  Tables  3  and  4  indicates  in  a  general  way  : 

1.  That  on  roads  carrying  an  exceptionally  heavy  traffic,  the  actual 
travel  saving  will  more  than  justify  high  grade  types  of  construction. 
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Table  3. — Allowable  Costs  (1921  Cost  Conditions) 


Assumed 

yearly  travel 

Maximum  allowable 

Average  daily 

cost  saving 

expenditure  per  mile 

Reasonable  expenditure 

number  of 

Based  on  $0.01 

for  original  construction 

with  some  profit  to  the 

vehicles 

per  vehicle  mile, 

based  on  pavement 

community 

average  mixed 

benefit 

traffic 

100 

$     350 

$     3,500 

$     2,300 

200 

700 

7,000 

4,600 

300 

1,050 

10,500 

6,900 

400 

1,400 

14,000 

9,200 

500 

1,750 

17,500 

11,500 

600 

2,100 

21,000 

13,800 

700 

2,450 

24,500 

16,100 

800 

2,800 

28,000 

18,400 

900 

3,150 

31,500 

20,700 

1,000 

3,500 

35,000 

23,000 

1,500 

5,250 

52,500 

34,500 

2,000 

7,000 

70,000 

46,000 

3,000 

10,500 

105,000 

69,000 

4,000 

14,000 

140,000 

92,000 

5,000 

17,500 

175,000 

115,000 

10,000 

35,000 

350,000 

230,000 

Column  3  represents  maximum  allowable  expenditure.  If  construction  equals 
this  amount,  the  community  gets  no  money  return  on  their  investment;  they  merely 
take  their  money  out  of  one  pocket  and  put  it  in  the  other.  It  is  therefore,  not  desir- 
able to  use  more  than  two-thirds  of  these  amounts  if  a  profit  is  considered  desirable; 
column  4  has  been  figured  on  this  basis. 

2.  That  for  moderate  traffic  (say  300  to  1,500  average  vehicles  per 
day)  satisfactory  general  utility  highways  are  justified  but  needless  refine- 
ments may  well  be  avoided  if  any  real  return  on  investment  is  desired. 

3.  That  for  purely  local  roads  carrying  less  than  say  300  vehicles  per 
day  it  is  probably  necessary  to  consider  the  intangible  benefits  to  justify 
a  satisfactory  standard  of  construction.  This  is  shown  in  chart  form  on 
page  24  and  begins  to  help  in  the  matter  of  tax  burden  distribution. 

Summarizing  the  limitations  imposed  on  expenditures  by  the  value 
of  highways;  if  Fig.  6  is  modified  slightly  to  fit  actual  observed  road 
service,  it  is  evident  that  if  construction  investment  is  considered  from  the 
standpoint  of  direct  return  hy  reduction  in  cost  of  vehicle  operation  we  are 
limited  to  the  standard  of  general  utility  except  for  heavy  traffic  roads  carrying 
an  average  volume  of  over  say  1,500  vehicles  per  day.  This  class  of  road 
represents  a  very  small  percentage  of  the  total  road  mileage.  Even  for 
roads  carrying  a  year  round  average  of  more  than  1,500  vehicles  per  day, 
there  is  no  practical  advantage  in  adding  much  to  the  amounts  shown 
by  the  general  utility  curve. 
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.$45,000 


$45,000 


-   40,000 


35,000 


30,000 


35,000 


20,000 


J^  ,000 


10,000 


5,000 


19J7         J9J8        I9I9         J920         J92J         1922 
Calendar  Years 


Table  4. — Necessary  Costs 


Approximato  volume  of  traffic  per  day, 
10-hoiir  count  in  summer  season 


Approximate  construction  cost  per  mile 
including  grading,  drainage  and 
pavement  (1921  cost  conditions) 


0  to      300 

300  to      800 

800  to  1 ,  800 

1,800  to  5,000 

Above  5,000 


$2,500  to  $10,000 
10,000  to  20,000 
20,000  to  30,000 
30,000  to  50,000 
50,000  to  70,000 


Table  4  costs  include  grading,  drainage  and  pavement.  For  the  ordinary  road 
where  the  grade  line  follows  the  natural  surface,  the  item  of  grading  is  largely  neces- 
sary to  provide  a  suitable  roadbed  for  the  pavement  and  is  properly  a  pavement 
charge.  Where  hills  are  cut  down  and  distance  shortened  the  economic  value  of 
such  work  should  be  added  to  the  values  given  in  Table  3  before  comparing  with  Table 
4,  see  official  report  page  158. 
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If  construction  investment  is  considered  from  the  standpoint  of  intangible 
benefits  expressed  in  terms  of  convenience,  safety,  pleasure  and  ease  of  com- 
munication, no  practical  limitation  of  expenditure  except  that  imposed  by 
the  community' s  financial  ability  to  complete  a  general  utility  system  within  a 
reasonable  time  need  be  considered. 


A 


500      tOOO    J500    2000     2500    3000   3500    4000    4500      5000 
Number  of  Vehicles  using  Road  per  Day 
Av.ragc  Mixed  Traffic 

Fig.  6. — Graphic  comparison  of  allowable  and  necessary  construction   costs.      (Based  on 

Tables  3  and   4.) 


The  tax  burden  distribution  also  has  a  distinct  bearing  on  the  proper 
hmitation  of  expenditure. 

Distribution  of  Tax  Burden. — A  successful  tax  is  based  on  three  main 
points : 

1.  The  final  burden  should  fall  on  each  individual  as  nearly  as  possible  in  proportion 
to  the  direct  and  indirect  benefit  received. 

2.  The  direct  tax  should  be  paid  by  the  individuals  receiving  the  immediate  direct 
benefit  if  they  are  financially  able. 
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3.  The  tax  must  be  levied  on  a  definite  source  comparatively  easy  to  assess  and  be 
collected  from  individuals  having  the  ready  money  for  payment. 

Real  property,  motor  vehicles,  tractor  and  horse  vehicles  and  gasoline 
are  definite  sources  of  taxation  owned  or  used  by  individuals  presumably 
with  ready  cash  to  pay  any  reasonable  tax  burden. 

The  immediate  and  direct  benefits  of  improved  highways  are  largely 
received  by  the  owners  of  vehicles  operating  on  the  roads. 

The  final  direct  and  indirect  benefits  of  a  modern  highway  system  were 
given  on  page  14. 

While  the  road  user  gets  most  of  the  direct  benefit,  it  is  rarely  feasible 
in  the  first  stages  of  the  improvement  to  tax  him  directly  for  a  large 
proportion  of  the  cost  of  construction.  That  is,  before  improved  highways 
are  an  accomplished  fact,  the  vehicles  are  fewer  in  number  and  operated 
bj^  financially  poorer  individuals.  The  completion  of  a  modern  highway, 
system  increases  the  number  and  effectiveness  of  vehicles  and  adds  to  the 
ability  and  willingness  of  the  owners  to  assume  a  larger  tax  burden.  It  is 
therefore  generally  believed  that  the  original  construction  of  such  a  modern 
general  utility  system  (under  a  proper  classification  based  on  reasonable 
regulation  of  traffic)  should  properly  be  paid  for  largely  by  a  general  tax 
levy  which  is  eventually  quite  evenly  distributed  over  the  community. 

The  cost  of  maintenance  and  the  renewal  of  pavements  depends  on 
the  volume  and  kind  of  traffic.  The  largest  share  of  the  benefit  of  keep- 
ing a  road  continuall}^  in  excellent  shape  goes  to  the  vehicle  owner.  There 
are  two  general  classes  of  traffi.c,  pleasure  traffic  and  business  traffic.  If 
a  pleasure  vehicle  is  taxed  a  fair  amount  to  cover  the  damage  it  does  to  the 
road,  this  is  a  luxury  tax  borne  by  the  owner.  If  a  business  vehicle 
is  taxed  a  fair  amount  to  make  the  highway  self-supporting,  the  charge  is 
added  to  the  other  vehicle  operating  costs  which  go  into  the  price  charged 
to  the  consumer  and  the  public  at  large  foots  the  bill.  The  principle  of  a 
vehicle  tax  for  maintenance  and  renewal  apparently  has  a  sound  basis  in 
fairness.  While  there  may  be  minor  flaws  in  its  application,  there  are 
the  same  flaws  in  the  application  of  a  tax  principle  which  is  not  essen- 
tially sound  so  that  the  small  practical  inequahties  of  the  tax  do  not 
invalidate  the  soundness  of  the  general  proposition. 

It  is  certain  that  if  maintenance  and  renewal  were  paid  by  general  tax 
levy  that  pleasure  traffic  would  escape  its  fair  luxury  tax  and  the  business 
traffic  particularly  heavy  hauling  would  have  an  unfair  advantage  in 
competition  with  other  transportation  methods  which  pay  their  own  cost 
of  track  or  waterway  construction  and  maintenance. 

Public  road  tolls  are  not  feasible  except  for  a  few  special  cases,  as 
they  restrict  the  free  movement  of  traffic,  so  that  some  form  of  graduated 
vehicle  license  based  on  gross  vehicle  and  load  weight  and  type  of  tire  sup- 
plemented b}'  a  gasoline  tax  seems  the  most  reasonable  form  of  tax  for  the 
upkeep  and  renewal  of  at  least  the  main  highways. 
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These  general  principles  expressed  in  terms  of  definite  policy  are  as 
follows  : 

It  is  quite  generally  recognized  that  the  intangible  benefits  of  a  road 
system  practically  obligate  the  community  at  large  to  construct  such 
roads  up  to  the  standards  of  general  utility  by  means  of  a  general  tax  levy. 
This  can  be  accomplished  without  exceeding  the  bounds  of  reason  on  the 
basis  of  a  fairly  reasonable  length  of  time  for  the  construction  program 
and  the  use  of  reasonable  length  of  term  of  serial  bonds  for  raising 
construction  funds. 

The  direct  and  intangible  benefits  accruing  to  vehicles  using  the 
highways  practically  warrant  putting  upon  the  owners  of  vehicles  the 
cost  of  maintaining  and  renewing  at  least  the  main  roads  of  such  a  system 
after  it  has  once  been  built.  For  the  purely  local  roads  which  are  not 
self-supporting  due  to  light  volume  of  traffic  (see  page  22)  it  is  not 
reasonable  to  tax  vehicles  for  their  entire  maintenance  and  upkeep.  That 
is,  vehicle  license  fees  plus  gasoline  tax  should  probably  be  figured  on 
the  basis  of  taking  entire  care  of  the  main  roads,  aggregating  not  over  15 
to  25  per  cent  of  the  total  road  mileage,  and  for  raising  the  standard  of 
such  roads  beyond  that  of  general  utility.  For  the  purely  local  roads  a 
small  percentage  of  the  maintenance  cost  can  be  properly  charged  against 
traffic.  This  can  be  accomplished  by  a  graduated  license  fee  and  gas  tax 
not  beyond  the  bounds  of  reason.  For  a  completed  system  in  a  well 
settled  area,  it  is  probable  that  an  average  yearly  tax  of  from  $25  to  $50 
per  vehicle  will  produce  the  necessary  funds.  Considering  the  mileage 
run  by  the  average  car  and  the  variations  in  license  fees  increasing  rapidly 
for  commercial  trucks,  this  would  not  be  an  "excessive  amount.  The 
present  motor  license  averages  about  $8  (1920).  Prevailing  gas  tax  rates 
for  1922  are  given  on  page  47.^ 

The  raising  of  funds  for  immediate  temporary  traffic  service  over  the 
gaps  in  the  existing  improved  road  system  may  well  be  raised  by  a  slight 
addition  to  the  vehicle  tax;  this  affords  no  difficulties  as  the  immediate 
return  to  traffic  is  so  self-evident  that  road  users  generally  are  in  favor  of 
such  procedure.  This  tax  gradually  decreases  as  the  system  is  completed, 
balancing  the  normal  increase  in  the  regular  maintenance  tax. 

While  it  seems  reasonable  to  care  for  the  maintenance  upkeep  of  the 
purely  local  roads  by  a  yearly  general  tax  levy,  this  is  the  most  difficult 
part  of  the  program  from  a  practical  standpoint.  In  the  richer  well 
settled  states,  it  is  not  probably  an  excessive  burden  but  for  the  poorer 
districts,  it  is  likely  that  some  help  from  some  other  source  will  be  neces- 
sary. In  such  districts,  it  is  likely  that  it  will  be  necessary  to  get  along  for 
some  time  with  comparatively  unsatisfactory  conditions  on  the  purely 
local  roads. 

The  essential  fairness  of  the  road  tax  deijends  on  a  proper  equalization 
of  value  on  the  assessment  roll  and  a  well  thought  out  graduated  vehicle 

^Cost  of  maintenance  and  renewal  per  vehicle  mile  is  given  on  page  393. 
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tax.  It  is  desirable  to  avoid  rapid  fluctuations  in  the  tax  rate.  This  can 
be  accompHshed  in  the  matter  of  vehicle  licenses  and  gasoline  tax  by 
gi-adually  increasing  them  from  year  to  year  as  the  improved  roads  grow 
in  scope  and  service  (see  page  52).  It  can  be  accomplished  in  the  matter 
of  general  tax  levy  for  construction  by  adopting  a  reasonable  term  of  years 
for  the  construction  program  and  issuing  the  serial  bonds  only  as  fast  as 
actually  needed  for  raising  construction  funds.     (See  pages  49-57.) 

In  order  to  apply  the  foregoing  principle  of  taxation  definitely  to  any 
specific  road  program,  it  is  necessary  to  determine  the  point  in  any  policy 
of  progressive  road  improvement  where  the  roads  have  reached  the  limit 
properly  chargeable  to  general  taxation  and  beyond  which  limit  further 
improvement  is  a  strict  traffic  charge.  This  occurs  when  the  general  road 
system  serves  the  majority  of  the  individual  users  for  ordinary  business 
and  local  pleasure  purposes  and  when  further  improvement  is  for  the 
added  convenience  of  specially  heavy  commercial  trucking  on  secondary 
roads  or  for  the  extreme  convenience  of  pleasure  traffic.  To  arrive  at  any 
reasonable  definite  conclusion,  the  general  character  and  range  of  normal 
traffic  must  be  considered.     (See  page  28  for  the  formulated  conclusion.) 

Traffic  Requirements. — The  shift  in  general  mode  of  transportation 
from  horse  to  motor  is  about  completed.  Horse  traffic  will  not  entirely 
disappear  but  it  is  not  a  large  factor  in  determining  road  policy  in  many 
localities.  There  are  today  (1923)  approximately  13,000,000  motor 
vehicles  in  the  U.  S.  of  which  approximately  1,500,000  are  trucks  from 
^i-  to  7-ton  capacity. 

Motor  traffic  can  be  divided  into  three  general  classes: 

1.  The  passenger  car. 

2.  Light  trucks  and  passenger  bus  lines. 

3.  Heavy  commercial  hauling  trucks. 

1.  The  light  passenger  car  represents  the  largest  part  of  the  volume 
of  road  traffic,  probably  at  least  85  per  cent.  This  type  of  traffic  desires 
all  the  year  round  roads  which  can  be  travelled  at  high  speed  with  com- 
fort, safety  and  convenience.  This  kind  of  traffic  does  not  require  extreme 
strength  of  pavements  as  the  vehicles  are  light  in  weight  but  it  does 
require  a  fairly  good  surface  comparatively  free  from  dust. 

2.  The  second  class  of  traffic,  namely,  light  trucks  up  to  232-ton 
capacity  and  passenger  bus  lines,  desire  about  the  same  general  service 
as  the  light  passenger  cars  except  that  the  item  of  extreme  comfort  is  not 
as  important.  They  require  somewhat  stronger  pavements  to  handle 
their  loads  the  year  round  but  this  requirement  is  not  at  all  excessive  and 
can  be  easily  obtained  on  all  the  roads  of  a  general  utility  system  without 
too  much  cost.  Truck  traffic  of  this  nature  constitutes  approximatel}^  10 
per  cent  of  total  road  traffic  today  (1923)  and  represents  the  class  of  hauling 
equipment  preferred  by  the  individual  engaged  in  farming,  small  town 
business,  parcel  delivery  and  general  utility  hauling.     Available  informa- 
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tion  indicates  that  for  the  usual  business  man,  farmer  and  the  parcel 
delivery  of  even  large  corporations,  the  light  %-  to  23^^-ton  trucks  with 
pneumatic  tire  equipment  to  at  least  the  1-ton  size  and  probably  to  the 
2-ton  size  will  be  the  most  popular  type  for  hauling.  This  is  due  to 
reasonable  first  cost  for  the  truck,  moderate  upkeep,  high  speed,  comfort 
and  general  utility. 

Passenger  cars,  these  light  trucks  and  what  small  amount  of  horse 
traffic  still  remains,  constitute  at  least  90  to  95  per  cent  of  the  total 
number  of  vehicles  using  the  roads;  if  the  needs  of  these  two  classes  of 
traffic  are  satisfied,  the  problem  of  giving  quite  complete  service  to  the 
community  at  large  is  practically  solved.  We  can  probably  afford  to 
build  all  the  roads  to  satisfy  95  per  cent  of  the  users  without  any  restrictions 
in  regard  to  load  or  reasonable  speeds  which  would  annoy  the  individual  in 
the  selection  of  his  car  or  truck.  This  can  be  done  with  moderate  priced 
general  utility  roads. 

3.  The  class  of  vehicle  that  gives  trouble  is  the  heavy  commercial 
truck  which  aggregates  probably  not  over  5  per  cent  of  the  total  rural 
road  vehicles  although  for  special  roads  they  may  run  as  high  as  50  per 
cent  of  the  total  volume.  They  require  extremely  strong  high-priced 
rigid  pavements.  The  use  of  such  trucks  for  moderately  long  hauls  in 
competition  with  rail  shipments  is  undoubtedly  of  considerable  value 
to  the  community  at  large.  How  much  it  is  worth  and  how  much  con- 
sideration should  be  given  to  this  type  in  deciding  on  a  general  road  policy 
is  open  to  argument.  It  is  quite  generally  conceded  that  the  heavy  truck 
seems  to  be  the  logical  and  popular  means  of  intercity  transportation  of 
certain  commercial  products  for  moderately  long  hauls  in  competition 
with  rail  shipment,  say  100  miles  but  by  reason  of  their  greater  cost  per 
mile  of  operation,  they  are  not  suited  to  make  a  large  number  of  indivi- 
dual deliveries  in  successful  competition  with  the  small  truck;  they  are, 
however,  usefully  employed  for  certain  industries  on  collective  routes, 
running  on  certain  well  defined  hauling  arteries  with  definite  stops  at 
which  the  local  shipments  are  picked  up;  for  the  purpose  of  collecting 
milk  for  instance,  certain  main  line  roads  through  the  heart  of  the  produc- 
ing district  with  collection  stations  at  the  crossroads  will  serve  the 
purpose  satisfactorily  and  economically.  It  is  probable  that  if  provision 
is  made  for  strong  pavements  on  the  main  natural  commercial  routes 
which  aggregate  not  over  1  to  10  per  cent  of  total  road  mileage  depending 
on  the  general  character  of  the  district,  that  the  community  will  derive 
about  all  the  benefit  possible  from  this  class  of  hauling. 

A  general  utility  system  of  highways  consisting  of  a  small  mileage  of 
heavy  truck  roads  and,  a  large  mileage  suitable  for  passenger  cars  and  light 
trucks  seems  to  offer  the  fnost  return  on  an  investment  in  highways,  as  it  in 
effect  gives  the  conmiunity  about  all  of  the  advantages  that  it  can  derive  from 
the  system  without  unjustifiably  large  expenditure.     Such  a  system  can  be 
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properly  constructed  by  general  taxation  but  if  the  secondary  roads  are 
increased  in  cost  for  the  benefit  of  heavy  truckimj  this  added  cost  is  not 
properly  a  general  community  charge  and  such  additional  cost  should  be 
paid  by  a  traffic  tax. 

Regulation  of  Heavy  Traffic. — If  the  unregulated  use  of  5-  to  7}>i-  or 
10-ton  trucks  over  all  the  highways  is  permitted  at  cdl  seasons  of  the  year, 
a  slight  reduction  in  total  hauling  cost  might  result  but  it  would  increase 
the  first  cost  and  maintenance  of  a  general  system  out  of  all  proportion  to 
the  added  benefit  in  reduced  hauHng  cost.      (For  the  effect  of  different 


Fig. 


-Milk  collection  (main  road). 


maximum  loads  on  construction  cost  see  Chap.  II,  page  137.)  It  is 
evident  that  in  order  to  get  anywhere  with  a  general  system  of  roads  within  a 
reasonable  term  of  years  some  restriction  7nust  be  placed  on  heavy  truck 
hauling.  These  restrictions  should  not  be  made  any  more  severe  than 
necessary  but  reasonable  restrictions  in  regard  to  load,  speed  and  range 
of  travel  are  recognized  as  necessary.  Restrictions  on  load  and  speed 
have  already  been  accompUshed  but  restriction  on  range  of  travel  has  not 
yet  been  generally  accomplished. 

Present  restrictions  on  improved  roads  do  not  usually  permit  over  a 
28,000  lb.  gross  weight  (including  weight  of  truck)  and  a  wheel  pressure 
not  exceeding  800  lb.  per  inch  width  of  tire  (see  Chap.  II,  page  77); 
existing  statutes  tend  to  limit  solid  tire  trucks  speed  to  from  12  to  15  miles 
per  hour.  It  is  probably  desirable  to  go  a  step  further  and  limit  the  use 
of  heavy  trucks  to  specified  hauling  routes,  and  to  limit  the  use  of  even 
the  0-ton  truck  to  special  hauling  routes  except  in  the  dry  season  of  the 
year.  Statutory  restrictions  of  this  nature  have  been  adopted  in  some  of 
the  states  and  a  temporary  reduction  in  gross  loading  during  the  spring 
is  quite  common  procedure  but  is  often  not  well  enforced. 
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Volume  of  Traffic.— Volume  of  traffic  as  it  affects  the  administrative 
problem  is  considered  by  the  question  whether  the  growth  in  volume  shall 
be  handled  by  attempting  to  concentrate  it  on  a  few  roads  or  by  distribu- 
tion over  parallel  routes.  The  answer  to  this  appears  to  be  that  the  dis- 
tribution of  traffic  is  usually  the  proper  solution.  This  principle  of  traffic 
distribution  seems  sound  for  if  a  specified  volume  of  traffic  is  distributed 
by  the  use  of  two  roads  of  moderate  width  and  cost  in  place  of  one 
road  of  exceptional  width  and  exceptional  cost,  more  territory  is  reached 
directly;  congestion  and  danger  are  reduced  and  alternate  routes  are 
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Fig.  8. — Growth  of  motor  registration. 

provided  during  repair  periods.  The  normal  growth  in  the  number  of 
improved  roads  tends  to  take  care  of  normal  traffic  growth.  That  is,  at 
the  present  stage  of  highway  improvements,  it  is  not  likely  that  we  are 
justified  in  building  a  pavement  width  of  more  than  18  to  20  ft.  on  single 
roads;  it  is  probably  better  to  parallel  the  road  rather  than  increase  the 
pavement  widths,  except  for  short  distances  near  large  cities  where  an 
unavoidable  concentration  of  traffic  occurs. 

Traffic  volume  fluctuates  and  gradually  increases.  Before  a  road 
system  is  completed,  there  is  no  definite  information  on  which  to  base 
probable  future  traffic  but  it  can  be  approximated  fairly  closely  by  a 
careful  study  of  the  district  in  comparison  with  other  similar  districts  in 
which  a  road  system  has  been  completed.  Total  motor  vehicle  registra- 
tion gives  some  basis  for  estimating  probable  volume  on  the  main  roads 
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as  while  it  is  not  a  sure  index  of  the  volume  of  rural  travel,  it  is  a  very  good 
index  of  probable  volume  (see  Figs.  8  and  8A)  although  after  a  certain 
number  of  motors  per  capita  is  reached  the  volume  of  travel  on  rural 
roads  is  not  greatty  affected  except  on  hohdays.  During  the  past 
4  years  the  registration  in  New  York  State  shows  a  large  increase  but 
our  traffic  counts  show  only  a  small  average  increase. 

Average  daily  traffic  volume  on  rural  roads  is  not  so  excessive  as 

commonly  believed  by  the  city  dweller  who  bases  his  opinion  on  holiday 
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Fig.  8A. — Comparison  of  total  registration  with  average  daily  motor  traffic  on  the  main 

roads  of  Massachusetts. 

volume  nor  is  it  likely  to  continue  to  increase  as  rapidly  as  much  of  the 
automobile  propaganda  would  make  us  think.  The  growth  of  motor 
vehicle  traffic  on  rural  highways  has  been  rapid  in  the  past  few  years  but 
it  cannot  be  expected  to  continue  at  the  same  rate  much  longer  for  we 
are  rapidly  approaching  a  reasonable  limit  of  the  number  of  cars  which 
are  likely  to  be  operated  for  any  extended  mileage  on  rural  highways 
(see  Table  5) ;  normal  growth  can  be  expected  but  at  a  greatly  reduced 
rate.  To  illustrate  the  comparatively  small  mileage  of  highways  carry- 
ing a  large  volume  of  traffic,  the  following  traffic  map  of  Western  New 
York  is  inserted.  At  the  present  time  not  over  2  per  cent  of  the  total 
rural  road  mileage  of  this  state  carries  an  average  of  over  1,500  vehicles 
l)er  day  (year  round  average)  and  it  is  not  hkely  that  we  need  figure  on 
more  than  3  to  5  per  cent  being  subjected  to  a  higher  volume  than  1,500 
daily  average  during  this  generation. 
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Table  5. — Numbku  ok  Persons  per  Car 


liaiik 


10 
11 
12 
13 
14 
15 
1(5 
17 
18. 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


California 

Iowa 

District  of  Columbia- 
Kansas. 
South  Dakota. 
Nebraska. 
Colorado*. 
Nevada- 
Wyoming 
Oregon . 
Minnesota. 
Indiana. 
Ohio. 

Michigan 

Washington 

Wisconsin 

North  Dakota.  . 

Florida 

V'ermont- 

Illinois 

Maine 

Missouri 

New  Hampshire. 

Te.xas 

Massachusetts.  • 

Delaware 

Idaho 

Utah 

Oklahoma 

.\rizona 

New  Jersey 

Montana 

Maryland* 

Rhode  Island.  . .  . 
Connectlicut.  .  .  . 
Penn  sy  vania. .  . 

New  York 

West  Virginia.  .  . 
North  Carolina  . 

Virginia 

Kentucky 

New  Mexico 

Tennessee 

Louisiana 

South  Carolina. . 

Arkansas 

Georgia 

Mississippi^ 

Alabama 


Totals.  .  . 
Averages . 


Population' 


Cars  and 
trucks^ 


3,805,153 
2,468,643 

437,571 
1,797,489 

655, 532 
1,333,922 

990,320 
77,407 

211,864 

823,270 
2,499,396 
3,013,134 
6,117,122 
3,977,821 
1,433,998 
2,739,574 

672,041 
1,046,287 

352,428 
6 , 790 , 524 

777,259 
3,443,971 

447,592 
4 , 939 , 630 
4 , 027 , 545 

230,460 

470,179 

476,812 
2,162,079 

380,960 
3,378,963 

611,199 
1,505,295 

626,672 
1,476,483 
9,100,326 
10,843,661 
1,. 551, 156 
2,686,325 
2,398,441 
2,462,317 

372 , 265 
2,-393,077 
1,849,746 
1,744,408 
1,816,287 
2,999,196 
1,790,618 
2,423,912 

110.663,502 


931,610 
517,228 

82,982 
331,936 
120,031 
244 , 000 
167,562 

12,766 

34,753 
133,995 
405,225 
482,678 
975,000 
624 , 590 
224 , 567 
418,546 

99 , 000 
135,893 

44,613 
833,920 

94,061 
412,337 

52 , 343 
571,981 
460,798 

26 , 300 

53 , 367 

.54,001 
240,000 

40,778 
360,597 

63,960 
157,346 

65 , 207 
1.50,913 
922,062 
991,883 
126,531 
209 , 400 
185,076 
175,000 

24,614 
145,000 
110,000 
103,049 

97 , 929 
148,000 

85 , 645 

98,992 

13,048,128 


Motor  vehi- 
cles per  1,000 
population 


244.8 

209 . 5 

189.6 

184.7 

183.1 

182.9 

169.2 

164.9 

164.0 

162.7 

162.1 

1.50.1 

159.4 

157.0 

156.6 

152  4 

147.3 

129.8 

126.7 

122.8 

121.0 

119.7 

117.1 

115.8 

114,1 

114.1 

113.5 

113.2 

111.0 

107.0 

103.6 

104.6 

104.5 

104.0 

102.2 

101.3 

91.4 

81.6 

77.9 

77.1 

71.1 

66.1 

60.5 

59.4 

59.1 

53.9 

49.4 

47.8 

40.8 


Number  of 

persons  per 

motor 

vehicle 


1 1 .  79 


4.0 

4.8 

5.1 

5.4 

5.5 

5.5 

5.9 

6.1 

6.1 

6.1 

6.1 

6.2 

6. 

6. 

6. 

6. 

6. 

7. 


3 
4 
4 

.5 
8 
6 
7.9 
8.1 
8.3 
8.3 
8.5 
8.6 
8.7 
8.8 
8.8 
8.8 
9.0 
9.3 
9.4 
9.5 
9.6 
9.6 
9.8 
9.9 
10.9 
12.3 
12.8 
12.9 
14.1 
15.1 
16.5 
16.8 
16.9 
18.5 
20.2 
20.9 
24.5 


8.48 


'  Population  figures  are  estimated  for  .July  1,  1923. 
estimate  is  111,023,000. 
^  No  increase  estimated. 

'Vehicles  from  State  registrations,  .July  1,  1923. 
*  Registrations  for  5  months. 
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This  indicates  that  extreme  jmvement  width  or  the  extensive  use  of  very 
high  grade  'pavements  on  a  large  mileage  of  road  have  not  much  founda- 
tion in  economic  necessity.  The  effect  of  a  conclusion  of  this  nature  is 
discussed  in  more  detail  under  "  Classification  "  pages  38  to  42. 

Range  of  Traffic. — Available  data  indicate  that  probably  90  to  95 
per  cent  of  road  traffic  can  be  classed  as  local  service.  That  is,  it  has  its 
origin  and  finish  within  a  comparatively  short  distance,  say  20  to  30 
miles,  and  consists  of  hauling  garden  truck  to  cities,  produce  to  shipping 
points,  ordinary  business  intercourse  and  short  pleasure  trips.  The  other 
10  per  cent  may  be  classed  as  long  distance  traffic  consisting  of  pleasure 
touring,  commercial  travelers'  cars  and  trucking  between  cities.  These 
ratios  of  general  traffic  do  not,  of  course,  apply  to  any  one  road  and  may 
be  actually  reversed  on  certain  special  touring  roads  but  they  probably 
apply  to  road  systems  as  a  whole  for  most  counties  and  states  and  indi- 
cate the  general  administrative  principle  that  Local  Traffic  is  entitled  to 
first  consideration  in  the  location  of  roads  and  their  design,  except  for  a 
comparatively  small  mileage  of  special  service  highways. 

The  statistics  compiled  by  the  National  Automobile  Chamber  of 
Commerce  for  1920  show  that  30  per  cent  of  all  automobiles  and  trucks 
are  owned  by  farmers;  that  60  per  cent  of  all  motors  are  registered  from 
towns  of  5,000  inhabitants  or  less  and  the  rural  districts.  This  is  a  very 
conservative  basis  for  deriving  the  minimum  volume  of  traffic  originating 
on  or  using  side  roads.  The  general  city  public  and  even  engineers  are 
inclined  to  think  too  much  of  the  main  roads  in  connection  with  any 
State  or  National  program  of  highway  improvement.  This  is  natural  as 
the  main  roads  are  more  spectacular;  they  probablj^  carry  90  per  cent  of 
the  traffic  during  some  part  of  the  journey.  A  system  of  improved  main 
roads  gives  quite  complete  service  to  intercity  travel;  it  gives  quite  com- 
plete service  to  tourist  travel  but  it  gives  only  partial  service  to  local 
travel  and  local  traffic  is  a  very  large  proportion  of  the  total  travel  on  our 
roads.  A  large  percentage  of  traffic  either  originates  on  or  uses  a  side 
road  during  some  part  of  its  journey.  That  is,  the  main  roads  only 
provide  direct  contact  service  to  about  10  to  20  per  cent  of  the  producing 
area  of  the  district  and  this  element  of  direct  contact  is  a  fundamental 
service  of  roads.  It  is  therefore  extremely  poor  policy  to  overemphasize 
the  importance  of  the  main  roads  to  the  extent  of  disregarding  a  reason- 
able treatment  of  the  secondary  roads.  Main  roads  are  entitled  to  first 
consideration  and  better  construction  than  the  local  roads  but  they  are 
not  entitled  to  needlessly  expensive  construction  which  tends  to  delay 
too  long  a  reasonable  treatment  of  the  system  as  a  whole.  The  general 
character  of  the  system  must  progress  as  rapidly  as  possible  up  to  the 
standard  of  general  utility;  beyond  that  standard  there  is  no  harm  in 
concentrating  exceptional  expenditures  on  special  roads.  The  difference 
in  volume  of  traffic  on  the  local  and  main  roads  calls  for  a  wide  variation 
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in  suitable  pavement  design.  The  administrative  prol)lem  considers 
the  general  suitability  of  pavement  types  under  different  classes  and  vol- 
ume of  traffic. 

General  Suitability  of  Types. — It  is  not  necessary  to  go  into  the  details 
of  the  minor  advantages  of  various  standard  pavements;  these  will  be 
discussed  under  the  general  principles  of  Engineering  Selection,  Chap.  II. 
Administrative  action,  however,  properly  considers  the  fundamental 
desirability  of  general  types,  their  relative  cost  (both  initial  and  final) 
and  their  natural  rate  of  depreciation  as  far  as  they  affect  methods  of 
taxation,  terms  of  bond  issues  and  maximum  tax  rates. 

There  are  two  general  classes  of  pavement  considered  suitable  for 
modern  highways,  Rigid  and  Flexible.  The  distinctive  feature  of  the 
Rigid  type  is  a  non-elastic  concrete  base  which  distributes  the  con- 
centrated traffic  wheel  loads  over  a  safe  area  of  the  natural  subsoil  by 
slab  action.  All  sorts  of  surfacings  are  used  (sheet  asphalt,  brick,  stone 
block,  asphalt  block  or  exceptionally  strong  concrete).  The  distinctive 
feature  of  the  flexible  type  is  a  base  course  constructed  of  some  form  of 
macadam,  gravel,  fieldstone  or  telford,  distributing  the  wheel  loads  over  a 
safe  area  of  the  natural  subsoil  by  means  of  the  depth  of  the  course 
and  the  "mechanical  interlocking  or  friction  of  the  integral  fragments  of 
the  material.  This  type  has  all  sorts  of  surfacings,  the  most  common 
surface  being  some  form  of  modern  macadam,  but  under  certain  con- 
ditions it  is  proper  to  use  sheet  asphalt  or  similar  surfacings  and  almost 
any  type  of  block  provided  the  joint  filler  is  flexible  to  permit  slight 
settlement  without  rupture.  Rigid  pavements  are  desirable  for  heavy 
traffic.  The  flexible  pavements  are  desirable  for  moderate  and  light 
traffic. 

The  advantages  and  disadvantages  are  as  follows:  Rigid  pavements 
are  destroyed  by  the  action  of  the  elements  as  well  as  by  traffic.  They 
crack  due  to  the  settlement  of  new  fills  or  frost  heave ;  they  shatter  due  to 
changes  in  temperature;  they  are  harsh  for  horse  traffic.  They  are 
comparatively  difficult  to  repair  and  prohibitive  in  cost  except  for  rich 
communities.  They,  however,  handle  heavy  auto  trucking  more  satis- 
factorily than  macadam  construction.  They  need  comparatively  little 
surface  maintenance  for  the  first  few  years  and  for  this  reason  traffic  is 
inconvenienced  less  than  on  macadams;  they  last  a  longer  period  without 
reconstruction  than  macadam  pavements  and  traffic  is  therefore  inter- 
rupted less;  they  bridge  over  small  areas  of  weakness  in  the  subgrade 
such  as  culvert  backfills,  etc.,  better  than  macadams.  There  is  no 
question  but  that  they  are  desirable  on  roads  carrying  a  large  amount  of 
heavy  truck  traffic. 

For  moderate  traffic  requirements  however,  the  flexible  type  of 
pavement  is  probably  more  suitable.  It  complies  better  with  the  usual 
conditions.     It  generall}^  costs  less  to  construct,  is  not  seriously  damaged 
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by  settlement  of  new  grading  or  frost  heave;  can  be  easily  and  cheaply 
repaired ;  can  be  strengthened  gradually  by  the  addition  of  stone  to  meet 
practically  any  loading  and  when  a  solid  foundation  has  been  accom- 
plished, can  be  recapped  with  a  higher  grade  surface  which  rids  it  of  the 
continuous  maintenance  drawback. 

It  is  well  to  bear  in  mind  that  the  quality  of  rigidity  is  not  inherently 
desirable  considering  the  fact  that  the  earth  foundation  is  always  sus- 
ceptible to  heave  and  settlement  and  that  this  will  occur  to  some  extent 
no  matter  what  precautions  are  taken.  Rigid  design  should  be  resorted  to 
only  when  the  desired  result  can  be  accomplished  more  cheaply  by  this 
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Fig.    10. — Asphaltic  concrete  resurfacing  on  old  firm  macadam  base. 


means  than  by  the  flexible  form  of  construction;  this  occurs  under  excep- 
tionally heavy  unit  traffic.  The  fact  that  rigid  pavements  in  general 
include  a  higher  type  of  surfacing  than  macadam  constructions  leaves  the 
impression  in  the  popular  mind  that  such  a  surface  is  the  result  of  rigidity 
while  as  a  matter  of  fact  we  have  enough  data  to  state  with  reasonable 
assurance  that  unless  the  pavement  is  subjected  to  an  unusually  large 
volume  of  heavy  unit  motor  trucks,  a  first  class  macadam,  fieldstone  or 
telford  base  is  often  superior  to  concrete  for  asphalt  or  small  block  sur- 
facings  on  account  of  the  reduction  in  frequency  of  temperature  cracks. 
The  present  rather  extreme  tendency  to  favor  rigid  construction 
under  moderate  traffic  is  based  largely  on  the  record  of  failures  of  old  thin 
inadequately  designed  and  maintained  macadam  roads.  Very  few  of  the 
more  recent,  carefully  designed  macadams  have  been  unsatisfactory 
under  a  traffic  of  less  than  2,000  vehicles  daily.  A  small  percentage  of  all 
types  of  pavement  fails  either  on  account  of  poor  design,  poor  construction 
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or  poor  maintenance  but  there  is  no  such  thing  as  type  failure  if  moderately 
good  judgment  is  used  in  the  design  and  maintenance.  Road  failures  are 
personal  human  failures. 

Considering  that  road  improvements  are  generally  handicapped 
by  a  shortage  of  funds;  that  of  necessity  they  must  advance  by  successive 
stages;  that  the  flexible  types  are  usually  the  cheapest  in  first  cost: 
that  they  are  also  economical  in  the  long  run  for  a  moderate  volume  of 
traffic  and  that  the  surface  maintenance  problem  can  be  minimized  by 
using  various  types  of  surface,  it  is  generall}^  good  policy  to  give  these 
types  the   preference  for  the   first  stages  of  improvement  programs; 
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Fig.   11. — Small  2^-in.  vitrified  brick  cubes  on  macadam  base. 

even  for  the  final  stages  they  are  the  best  investment  for  the  community 

for  probably  90  to  95  per  cent  of  the  total  road  mileage  in  most  districts. 

To  illustrate  this  more  definitely,  the  following  extract  is  quoted 

from  the  report  on  the  Monroe  County  System   (New  York  State) : 

"  We  advocate  the  original  construction  of  crossroads  of  thick  modern  water- 
bound  macadam  utilizing  local  materials  as  much  as  possible  and  maintained  by 
surface  oiling. 

"We  advocate  the  original  construction  of  our  secondary  radial  roads,  of  pene- 
tration, bituminous  macadam,  utilizing  local  materials  to  their  fullest  reasonable 
extent  and  maintained  by  surface  oiling. 

"We  advocate  the  construction  of  our  main  trunk  Une  heavy  hauling  roads 
of  rigid  pavements,  using  the  best  materials  that  can  be  obtained,  but  varying 
the  type  to  secure,  in  each  case,  the  cheapest  first  cost  pavement,  always  con- 
sidering the  possible  use  of  local  materials  proper  for  the  type  of  road  in  question. 
For  these  roads  we  have  no  choice  between  cement  concrete,  brick,  sheet  asphalt, 
asphalt  block  or  stone  block  on  concrete  bases. 
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"We  advocate  the  gradual  resurfacing  of  the  heavier  traffic  macadam  roads 
with  Topeka  mix,  small  brick  cubes,  etc.  We  have  successfully  utilized  this 
method  in  reducing  high  surface  maintenance  costs  where  the  macadam  founda- 
tion was  solid  enough  for  the  traffic,  and  have  adopted  this  method  for  a  number 
of  our  roads.     We  have  examples  which  have  stood  a  10  years'  test  successfully. 

"We  believe  that  the  community  has  been  better  served  by  constructing  10 
miles  of  macadam  in  place  of  a  possible  6  miles  of  rigid  pavement. 

"We  believe  that  the  county  has  been  better  served  in  the  past  and  will  be  best 
served  in  the  future  by  variable  road  designs  using  for  the  majority  of  the  mileage 
modern  macadam  for  the  original  construction,  later  modified,  if  necessary,  for  a 
very  limited  mileage  by  recapping  with  a  lower  maintenance  cost  surface.  We 
advocate  rigid  pavements  eventually  for  approximately  10  per  cent  of  the  total 
mileage  of  our  roads  and  for  approximately  35  per  cent  of  our  State  System." 

Classification  of  Roads, — In  order  to  strengthen  the  general  discus- 
sion, it  is,  perhaps,  just  as  well  to  indicate  a  little  more  definitely  at  this 
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Fig.  12. 


-Class  I  road — rigid  pavement.      Note  the  sharp  curve  which  is  poor  practice  on 
a  high-class  road  in  ordinary  topography. 


point  the  initial  and  final  cost  of  roads  under  different  classes  of  traffic 
and  what  types  of  pavement  appear  to  be  best  suited  for  different  volumes 
of  travel. 

Four  general  classes  of  highway  can  be  considered : 

Class  /.—These  roads  are  usually  located  along  natural  transportation 
routes  between  large  cities  located  at  intervals  of  less  than  100  miles. 
They  may  also  occur  as  main  radial  roads  out  of  cities  of  say  50,000  and 
upwards  for  distances  of  5  to  40  miles  or  as  special  industrial  roads  or 
village  streets  carrying  the  concentrated  traffic  of  a  large  area.  These 
roads  generally  constitute  from  0  to  10  per  cent  of  the  total  road  mileage 
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of  the  district.  They  usually  cany  2,000  or  more  vehicles  i)er  day 
(10-hour  count  in  summer).  They  should  have  pavements  designed  to 
support  the  traffic  of  the  heaviest  connnercial  trucks  permitted  by  law 
and  should  have  a  pavement  width  of  at  least  IS  ft.  and  preferably 
20  ft. 

The  types  most  suitable  and  economical  in  the  long  run  from  the 
standpoint  of  even  general  utility  are  any  Standard  Brick  or  Bituminous 
Concrete  surface  on  cement  concrete  bases,  or  Reinforced  Cement 
Concrete  Pavements.  Such  roads  cost  today  (1920)  for  the  original 
construction  including  grading,  drainage,  pavements  and  incidentals  from 
S40,000  to  $70,000  per  mile.  The  yearly  burden  to  the  community 
considering  interest  on  first  cost  investment  plus  yearly  maintenance  plus 
the  yearly  allowance  for  renewing  pavement  when  wornout  amounts  to 
7  to  10  per  cent  of  the  first  cost  of  the  road.^  It  seems  reasonable  for 
the  community  at  large  to  assume  the  burden  of  original  construction 
plus  interest  on  first  cost,  and  for  vehicles  to  assume  the  burden  of  yearly 
maintenance  and  the  renewal  of  wornout  pavement.  The  actual  yearly 
maintenance  and  renewal  chai'ge  for  these  roads  is  at  first  small  and  grad- 
•uallj'-  increases,  eventually  reaching  3  to  5  per  cent  of  the  first  cost 
of  the  improvement  and  from  there  on  stays  practically  constant.  This 
is  due  to  the  fact  that  new  pavements  require  a  comparatively  small 
yearly  maintenance  which  gradually  increases  until  their  renewal  is 
necessar3^  The  cost  of  renewal  is  high  and  when  any  system  of  highways 
becomes  old  enough  (15  to  25  years  for  this  class  of  road),  there  will  be 
a  constant  yearly  renewal  charge  plus  a  constant  yearl}^  maintenance 
charge  w^hich  may  easily  amount  to  $2,000  to  $2,500  per  mile  per  year 
average  (1920  scale  of  costs)  for  this  class  of  road. 

Class  II  Roads. — These  roads  are  usually  main  automobile  routes 
at  greater  distances  from  the  cities  than  Class  I.  They  have  a  large 
touring  car  traffic,  medium  heavy  farm  traffic  and  some  heavy  trucking. 
A  Class  II  road  generally  carries  from  800  to  2,000  vehicles  per  day 
(10-hour  count  in  summer).  Thej-  constitute  approximately  0  to  20  per 
cent  of  the  total  road  mileage  depending  on  the  general  character  of  the 
district.  They  should  be  designed  to  handle  such  traffic  and  require  a 
pavement  width  of  15  to  18  ft. 

The  type  of  pavement  generally  most  economical  for  these  roads, 
considering  final  cost  and  immediate  traffic  service,  is  thick  modern 
bituminous  macadam,  or  if  the  volume  of  traffic  is  close  to  the  2,000 
limit  it  is  possible  that  reinforced  cement  concrete  may  be  desirable  under 
advantageous  conditions  of  material  supply. 

Such  roads  cost  today  (1920)  from  $25,000  to  $40,000  per  mile  to 
construct  and  the  total  yearly  burden  amounts  to  about  }{o  of  the  original 
cost  of  construction. 

1  See  Chap.  IV. 
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The   yearly  maintenance  and  renewal   charge  for  such  roads  will 
eventually    (in    10   to  15   years)    amount   to   approximately  $1,500  to 


Fig.  13. — ^Class  II  road  construction  bituminous  macadam  pavement.     Note  the  shallow  ditch 
which  adds  to  the  safety  of  the  travel. 

$2,000  per  mile  (1920  scale  of  costs).     For  this  class  of  roads,  this  is 
properly  a  direct  traffic  charge. 


Fig.  14. — Class  III  road — waterbound  macadam  (oiled).     Note  the  shallow  ditch  which 
adds  to  the  safety  of  traffic. 

Class  III  Roads. — These  roads  are  usually  secondary  feeder  or  cross- 
roads in  well  settled  districts  or  main  roads  in  sparsely  settled  districts. 
They   generally   carry   300   to   800    vehicles   daily    (10-hour    count  in 
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summer).  They  constitute  5  to  30  per  cent  of  the  total  mileage.  They 
may  well  be  designed  to  handle  at  least  a  23^^-ton  truck  for  all  the  j^car 
service  and  permit  the  use  of  5-ton  trucks  in  the  dry  season.  They 
require  a  pavement  width  of  12  to  16  ft.  The  types  of  pavement 
generally  most  suitable  for  general  utility  are  thick  modern  water- 
bound  macadam  with  a  surface  application  of  oil,  gravel  oiled,  or,  if 
the  travel  approximates  the  800  limit,  the  bituminous  macadam  type  can 
be  considered. 

The  roads  cost  from  $10,000  to  $25,000  per  mile  to  construct  and  the 
total  yearly  burden  approximates  Ko  of  the  original  cost.  The  yearly 
maintenance  and  renewal  charge  may  amount  eventually  in  8  to  15 
years  to  approximately  $1,000  to  $1,500  per  mile  per  year  (1920  scale 
of  costs).  For  this  class  of  road  it  is  proper  to  charge  this  directly  to 
traffic. 


Fig.   15.- 


-Class  IV  narrow  waterbound  macadam  road  using  local  materials, 
shallow  ditch  which  adds  to  the  safety  of    traffic. 


Note  the 


Class  IV  Roads. — These  roads  constitute  the  purely  local  service 
roads  carrying  a  volume  of  less  than  300  vehicles  daily.  They  constitute 
70  to  95  per  cent  of  the  total  road  mileage.  They  may  well  be 
designed  for  the  all  year  round  use  of  21^-ton  trucks.  They  do  not 
require  much  refinement  in  grading  design  or  in  the  width  of  hard  surface. 
A  width  of  8  to  12  ft.  is  sufficient. 

The  most  suitable  type  is  gravel  or  waterbound  macadam.  Earth 
or  sand  claj^  can  be  used  as  a  temporary  makeshift  but  in  northern 
climates  they  can  only  be  considered  as  temporary  expedients  as  any 
type  of  surface  not  usable  the  j^ear  round  for  at  least  23^-^-ton  trucks  is  not 
a  general  utility  road. 
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Class  IV  Roads  cost  $2,500  to  $10,000  per  mile  (1920)  and  the 
total  yearly  burden  is  about  }io  of  the  original  cost  of  construction. 
For  this  class  of  road,  it  is  probable  that  the  community  at  large  should 
assume  the  entire  burden  of  construction,  interest,  maintenance  and 
renewal  which  means  eventually  for  the  items  of  maintenance  and 
renewal  alone  about  $300  per  mile  per  year  (1920  scale  of  costs);  this 
figure  is  reached  gradually  and  becomes  a  fairly  stable  burden  in  5  to  10 
years  after  the  roads  are  constructed. 

Importance  of  Maintenance. — Effective  maintenance  is  the  best 
possible  road  investment  the  community  can  make.  It  increases  the  life 
and  lowers  the  final  cost  of  the  improved  roads.  It  decreases  the  cost 
of  traffic  operation  and  increases  the  comfort  of  travel.  It  speeds  up  the 
general  effectiveness  of  a  road  system  that  is  being  gradually  improved 
by  construction  or  reconstruction.  This  last  is  the  keynote  pohcy  for 
the  poorer  districts  and  is  of  vital  importance  to  a  large  part  of  the 
county  at  present  (see  Table  7,  page  48).  For  the  poorer  districts 
traffic  service  can  be  bettered  at  once,  first,  by  systematic  maintenance 
of  all  the  existing  roads;  this  does  not  solve  the  problem  by  any  means 
but  it  keeps  it  from  getting  worse;  second,  by  the  immediate  construction 
of  a  large  mileage  of  gravel  or  similar  constructions  on  secondary  roads 
suitable  for  moderate  loads  (up  to  2i^-ton  truck  and  eHminating  the  large 
truck  for  year  round  use)  and  giving  these  roads  systematic  maintenance. 
This  solves  the  problem  up  to  the  standards  of  general  utility  traffic  for 
agricultural  districts.  It  does  not  solve  the  heavy  traffic  problem,  but  it 
helps  and  is  better  than  waiting  indefinitely  for  the  completion  of  a  system 
of  boulevards.  Third,  the  construction  of  thick  modern  macadam 
systematically  maintained  for  the  main  roads  and  strong  expensive  rigid 
pavements  systematically  maintained  for  the  main  commercial  hauling 
routes  aggregating  a  comparatively  small  percentage  of  the  total  mileage. 
These  roads  meet  heavy  travel  requirements. 

Fairly  good  immediate  service  for  traffic  is  only  possible  by  means  of 
Effective  Maintenance.  It  is'  both  physically  and  financially  impossible  to 
solve  the  problem  of  improvement  of  traffic  conditions  over  a  large  mileage 
solely  by  immediate  Reconstruction  of  the  Roads.  Maintenance  is  not 
entirely  eliminated  no  matter  what  type  of  road  is  built.  Fairly  efficient 
maintenance  has  been  accomplished  in  many  cases  and  is  poor  in  others 
but  the  fact  that  it  can  be  achieved  provided  enough  attention  is  con- 
trated  on  it  means  that  it  is  possible  to  get  somewhere  with  a  serviceable 
road  program  in  a  reasonable  time. 

To  illustrate  the  result  of  a  lack  of  a  temporary  service  program, 
we  will  cite  New  York  State.  This  state  has  been  improving  its  main 
roads  by  State  and  County  aid  for  20  to  25  years;  the  system  is  still 
incomplete  in  many  cases.  New  York's  construction  program  has  been 
excellent;  its  maintenance  of  the  roads  after  improvement  has  been  fairly 
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good  for  some  years  past  but  very  little  has  been  done  to  better  the  con- 
dition of  the  existing  roads  at  gaps  in  the  improvement.  That  is,  for  the 
past  10  or  15  years,  short  gaps  and  detours  in  stretches  of  modern  roads 
have  caused  needless  inconvenience  to  the  traveling  public.  Under  the 
New  York  road  program,  the  State  does  not  assume  direct  responsibility 
for  the  condition  of  the  roads  on  the  proposed  system  until  they  have  been 
improved  by  state  construction.  As  soon  as  a  road  is  adopted  as  part  of 
the  system,  the  town  in  which  it  is  located  loses  all  interest  in  it  and  does 
nothing  to  keep  it  in  condition  although  supposed  to  keep  it  in  shape 
until  it  is  improved  b}^  the  state.  These  gaps  do  not  require  large 
expenditures  but  the  conditions  can  at  present  be  very  materially  bettered 


Fig.  16. — Earth  road  near  Cochrane,  Wisconsin.  A  gap  in  the  main  road  system 
not  yet  reached  by  the  construction  program.  Kept  in  serviceable  shape  for  traffic  by 
patrol  maintenance. 


by  comparatively  small  expenditures  on  temporary  repair  and  main- 
tenance. All  travelers  curse  these  gaps  and  are  more  than  wilKng  to  have 
their  Hcense  fee  raised  shghtly  to  eliminate  temporarily  the  worst  features 
of  such  roads.  It  is  probable  that  an  extra  chargQ  between  $1  and 
$2  per  vehicle  license  per  year  appHed  to  such  work  under  direct  state 
supervision  would  result  in  a  tremendous  improvement  of  the  few  gaps 
remaining  in  this  particular  state  (1921). 

Order  of  Construction. — A  reasonable  order  of  construction  is 
difficult  to  work  out  from  a  practical  standpoint  as  it  is  subject  to  the 
most  insistent  kind  of  political  pressure.  Each  community  demands 
first  attention.  Broadly  speaking,  a  proper  order  of  construction  con- 
siders the  principle  of  giving  the  most  service  as  soon  as  possible.  If  all 
the  roads  are  in  poor  shape,  the  first  improvements  may  well  start  from 
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shipping  points,  cities,  villages,  etc.  (any  center  of  activity),  gradually 
extending  the  system  of  improvements  until  they  connect  as  a  complete 
system.  If  part  of  the  old  roads  are  fairly  serviceable,  the  worst  sections 
should  be  improved  to  provide  fairly  good  immediate  service.  In 
any  case,  business  roads  should  be  given  the  preference  over  purely 
scenic  routes  for  long  distance  pleasure  touring  until  a  network  of  econom- 
ically serviceable  roads  have  been  completed. 

Raising  ^Funds  for  Construction. — Construction  funds  for  extensive 
programs  are  usually  raised  by  Serial  or  Sinking  fund  bonds.  The 
"Pay  as  you  go"  yearly  appropriation  policy  is  sometimes  used  for  small 
programs  as  it  is  the  cheapest  in  final  cost  but  for  an  extensive  program 


$100  000 
90  000 

80  000 


1920  1925  1930  1935  1940  1945  1950  1955  I960  1965  1970  1975  1980 
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Fig.  17. — Comparative  total  and  yearly  costs  for  a  $1,000,000  10-year  construction  program 
financed  in  different  ways.     (Construction  period  1919  to  1929.) 


the  bond  method  is  to  be  preferred  as  it  permits  more  rapid  construction, 
makes  it  possible  to  develop  a  more  stable  engineering  organization, 
reduces  rapid  fluctuation  of  tax  rates  and  throws  a  fair  share  of  the 
burden  on  to  the  future.  For  comparison  of  total  and  yearly  cost,  see 
Fig.  17. 

Serial  bonds  are  in  more  favor  than  the  sinking  fund  method  as  the 
history  of  public  sinking  fund  bonds  is  not  encouraging;  the  necessary 
yearly  appropriations  are  often  neglected  and  the  sinking  fund  not  well 
administered.  This  was  discussed  in  considerable  detail  in  Appendix  A 
of  the  first  volume  of  this  series. 

Bond  Terms. — A  reasonable  term  of  bond  depends  on  the  rate  of 
depreciation  of  the  road  improvement  and  on  the  maximum  tax  rate  the 
community  can  afford. 
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An  examination  of  J*'ig.  18  shows  that  the  yearly  budget  charge  for 
retiring  bond  issues  does  not  lessen  much  for  a  bond  term  of  more  than 
30  3^ears.  Considering  the  fact  that  the  total  cost  of  bond  financing 
increases  with  the  length  of  the  term  (see  Table  6)  and  that  the  yearly 
charge  does  not  decrease  much  for  the  longer  terms,  it  is  evidently  desir- 
able not  to  exceed  the  25-  or  30-year  term.  The  25-year  serial  bond 
method  of  raising  funds  for  original  improvement  of  highways  seems  to 
meet  the  requirements  of  the  usual  situation  for  the  following  reasons: 


Fig.   18. — Graph  showing  effect  of  length  of  bond  term  on  average  annual  tax  budget. 
(Little  advantage  is  gained  by  lengthening  the  term  beyond  25  years.) 


Table  6. — Total  Cost  of  Sinking  Fund  Bond 

Total  cost  of  a  $100,000  sinking  fund  bond  bearing  3,  4,  .5  or  6  per  cent  interest, 
with  sinking  fund  drawing  3}^,  and  maturing  at  different  periods  from  5  to  50  years 


Term  in  years 

3  per  cent 

4  per  cent 

5  per  cent 

6  per  cent 

5 

$108,241 

$113,241 

$118,241 

$123,241 

10 

115,241 

125,241 

135,241 

145,241 

15 

122,738 

137,738 

152,738 

167,738 

20 

130,722 

150,722 

170,722 

190,722 

25 

139 , 185 

164,185 

189,185 

214,185 

30 

148,114 

178,114 

208,114 

238,114 

35 

157,494 

192,494 

227,494 

262,494 

40 

167,309 

207,309 

247,309 

287,309 

45 

177,540 

222,540 

267,540 

312,540 

50 

188,169 

238,169 

288,169 

338,169 
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Total  Cost  of  Serial  Bond 


Total   cost  of   a  $100,000  serial   bond   bearing   3,    4,  5  or  6  per  cent  interest  and 
maturing  at  different  periods  from  5  to  50  years 


Term  in  years 

3  per  cent 

4  per  cent 

5  per  cent 

6  per  cent 

5 

$109,000 

$112,000 

$115,000 

$118,000 

10 

116,500 

122,000 

127,500 

133,000 

15 

124,000 

132,000 

140,000 

148,000 

20 

131,500 

142,000 

152,500 

163,000 

25 

139,000 

152,000 

165,000 

178,000 

30 

146,500 

162,000 

177,500 

193,000 

35 

154,000 

172,000 

190,000 

208,000 

40 

161,500 

182,000 

202,500 

223,000 

45 

169,000 

192,000 

215,000 

238,000 

50 

176,500 

202,000 

227,500 

253,000 

The  rate  of  depreciation  of  the  different  general  kinds  of  modern 
highways  is  approximately  as  follows,  assuming  that  the  maintenance  is 
moderately  good  and  that  the  pavements  are  well  designed  and  used 
under  a  volume  of  traffic  for  which  they  are  suited. 

Road  improvements  include  grading,  drainage,  pavement  foundation, 
pavement  surface  course  and  incidentals.  The  first  three  items  are  prac- 
tically permanent.  The  surface  and  incidentals  require  renewals  at  quite 
regular  intervals.  Double  track  macadam  surfaces  cost  about  40  per  cent 
of  the  total  cost  of  original  improvement  and  generally  last  about  10  years 
before  renewal  is  necessary.  That  is,  for  this  class  of  improvement  it  is 
fairly  safe  to  figure  on  a  natural  depreciation  of  40  per  cent  of  the  original 
investment  in  say  10  years  after  which  very  little  further  depreciation 
occurs  as  the  balance  of  the  work  retains  its  value  quite  indefinitely  if 
properly  maintained.  For  rigid  pavements,  the  surface  course  needs 
renewing  in  about  15  years  as  a  rule  and  this  item  amounts  to  about  40  to 
60  per  cent  of  the  cost  of  original  improvement.  That  is,  the  deprecia- 
tion is  about  40  to  60  per  cent  in  15  years.  For  any  general  system  of 
highway  improvements  composed  of  macadams  and  rigid  pavements, 
a  bond  term  which  results  in  paying  off  40  per  cent  of  the  principal  and 
interest  in  10  years  and  60  per  cent  in  15  years  is  probably  sound  financing ; 
the  25-year  (or  less)  term  bond  complies  with  this  condition. 

For  reconstruction  of  surfaces  and  yearly  maintenance  the  "Pay  as 
you  go"  method  financed  by  direct  vehicle  taxation  for  the  main  high- 
ways and  by  direct  general  tax  levy  for  the  purely  local  roads  seems 
reasonable.  If  bonds  are  used  for  a  reconstruction  program  to  renew  the 
pavement  surfaces  the  bond  term  should  probably  not  exceed  15  years 
but  this  method  is  hardly  warranted  except  in  unusual  cases. 
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Maximum  Tax  Rates. — Maximum  highway  tax  rates  are  strict!}^  a 
local  problem;  they  depend  on  the  relative  need  for  highways  considering 
the  entire  public  work  program;  the  general  character  of  the  district, 
the  prevailing  rates,  etc.  A  rapid  fluctuation  of  rate  is  undesirable. 
General  tax  rates  at  present  (1921)  for  highway  purposes  range  from  3^o 
to  5  mills.  This,  of  course,  does  not  mean  much  unless  the  ratio  of 
assessed  to  real  value  is  known  and  also  all  sorts  of  other  factors.  It  is  not 
likely  that  it  is  desirable  to  exceed  3  to  4  mills  in  many  cases  for  such  work 
where  the  assessed  valuation  is  moderatel}^  high. 

Gasoline  Tax  (1922) 

Tax  per 
State  Gal.,  Cents 

Alabama 2 

Arizona 1 

Arkansas 3 

Colorado 2 

Connecticut 1 

Delaware 1 

Florida 1 

Georgia 1 

Idaho 2 

Indiana 2 

Kentucky 1 

Louisiana 1 

Maine 1 

Maryland 1 

Mississippi 1 

Montana 2 

Nevada 2 

New  Mexico 1 

North  Carolina 3 

North  Dakota K  to  1 

Oklahoma 1 

Oregon 2 

Pennsylvania 1 

South  Carolina 2 

South  Dakota 2 

Texas 1 

Tennessee 2 

Utah 2H 

Vermont 1 

Virginia 2 

Washington 1 

Wyoming 1 

Gasoline  taxes  range  from  1  to  3  cents  per  gallon ;  vehicle  license  taxa- 
tion averages  today  (1921)  about  $8  per  year  per  motor  vehicle.  It  is 
certain  that  the  sum  total  raised  by  licenses  and  gasoline  tax  methods  will 
have  to  be  gradually  increased  as  the  highway  systems  are  completed  and 
give  more  service.  1922  rates  are  generally  less  than  half  that  required  for 
a  reasonable  distribution  of  the  tax  burden.     Eventually  an  average  tax 
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per  car  per  year  of  from  $25  to  $50  may  be  required.  It  is  not  desirable 
for  such  vehicle  taxes  to  exceed  an  amount  which  in  effect  means  a  charge 
over  one  cent  per  ton  mile  actually-  travelled  on  the  highways  as  this  is  a 
fair  estimate  of  the  direct  saving  in  operating  cost  of  the  improvements  to 
traffic.^ 

Table  7 


Motor 

Total 

Popu- 

Assessed 

State 

Population 

Assessed  valu- 
ation 1920 

vehicles, 
1920 

mileage  of 
roads 

per  mile 

of  rural 

road 

value  per 

mile  of 

road 

Alabama 

2,138,000 

$     670,178,000 

58,898 

55,446 

1 

39 

12,100 

Arizona 

204 , 300 

836,000,000 

28,979 

12,075 

17 

69,200 

Arkansas 

1,574,400 

359,436,307 

49,448 

50,743 

31 

7,100 

California 

2,377,500 

3,806,815,179 

493,463 

61,039 

39 

62,400 

Colorado 

799,000 

1,099,993,673 

104,366 

39,780 

20 

27,600 

Connecticut 

1,114,700 

1,114,008,294 

105,600 

14.061 

79 

79 , 300 

202 , 300 

16,152 

3,674 

55 

Florida 

921,600 
2,609,100 

233,750,566 
569,394,457 

56,253 
126,563 

17,995 
80,669 

51 
43 

13,000 
70,500 

Georgia 

325,600 
5,638,600 
2,700,900 

430,863,703 
1,790,182,292 
1,390,165,973 

41,780 
478,438 
227,255 

24 , 396 
95,647 
73,347 

13 
56 
37 

17,700 
18,500 
19,000 

Indiana 

Iowa 

2,224,800 

1,417,289,249 

363,000 

104,074 

21 

13,600 

1,672,500 
2 , 289 , 900 

2,084,411,876 
887,045,799 

228,601 
90 , 008 

111,052 
57,916 

15 
40 

18,780 
15,300 

Kentucky 

Louisiana 

1,656,400 

1,452,582,291 

50,000 

24,563 

67 

59,500 

Maine  

742,400 
1,295,300 

351,910,817 
950,000,000 

53,424 
98,995 

23,537 
16,459 

31 

79 

14,900 
57,700 

Maryland 

Massachusetts .  . 

3,366,400 

3,885,495,341 

288,059 

18,681 

180 

207,800 

Michigan 

2,810,000 

3,325,943,828 

325,813 

74,190 

38 

44,800 

Minnesota 

2,075,700 

1,481,355,657 

259,743 

93,517 

22 

15,700 

Mississippi 

Missouri 

1  797  100 

45,030 

45,779 

39 

3,293,300 

1,918,977.855 

244,427 

96,041 

34 

20,000 

Montana 

376,000 

1,277,097,843 

59,312 

39,204 

9 

32,600 

Nebraska 

1,192,200 

355,759,828 

200,100 

80,272 

15 

4,430 

Nevada 

81,900 

2,000,000,000 

9,305 

12,182 

7 

16,400 

New  Hampshire. 

430,600 

453,327,679 

30,008 

14,020 

31 

32,300 

New  Jersey 

2,537,200 

2,744,168,603 

189,167 

14,817 

171 

18,500 

New  Mexico. . . . 

327,300 

155,086.964 

20,000 

11,873 

28 

13.100 

New  York 

9,113,600 

12,230,166,984 

555.789 

79,398 

115 

154,000 

North  Carolina. 

2,206,300 

421,421,410 

109.000 

50,758 

43 

8,300 

North  Dakota... 

577,100 

265,315,957 

82,886 

68,796 

8 

3,700 

Ohio 

4,767,100 
1,657,200 

5,424,872.985 
1,439.581,118 

516,225 
151,300 

86,354 
107,916 

55 
16 

68,000 
13,400 

Oklahoma 

672,700 
7,665,100 

588,194.399 
6,141.384.210 

83,332 
490,337 

36,819 
91,555 

18 
84 

16,000 
67,400 

Pennsylvania . . . 

Rhode  Island. . . 

542,600 

510,915,710 

39,563 

2,170 

280 

23,500 

South  Carolina. . 

1,515,400 

208,348,279 

70,143 

42,226 

36 

4.900 

South  Dakota... 

583,900 

1,172,709.171 

104,625 

96,306 

6 

12.200 

2,184,800 

80,422 

46,050 

46 

Texas 

3,896,500 
373,351 
356.000 

329,700 
35,144 
26,807 

128.960 

8,810 

14,249 

32 
42 
25 

20.200 
21.200 

Utah 

199.630.625 
173,380,861 

Vermont 

Virginia 

2.061.600 

676,880,567 

95,000 

53,388 

31 

12,700 

Washington 

1,142,000 

718,065,597 

168,146 

42,428 

27 

16,900 

West  Virginia. . . 

1,221,100 

1,366,139,828 

50,203 

32.024 

38 

42,000 

Wisconsin 

2,333,900 

2.929.281,764 

236,974 

75,707 

31 

38.700 

Wyoming 

146,000 

1 

113,198,396 

21,371 
7,668,094 

14,797 
2.445.760 

10 

76.500 

^  See  page  393  for  maintenance  costs  per  vehicle  mile. 
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Example  of  Classification  of  Roads  and  Program  Finance  Estimates.— 

The  actual  layout  and  classification  of  highways  along  the  lines  discussed 
make  any  administrative  policy  definite.  Figure  1  (Frontispiece) 
illustrates  a  definite  administrative  analj^sis  for  a  system  of  main  high- 
wa3'S.  The  district  shown  is  used  for  this  discussion  as  it  is  typical  of  the 
usual  problem;  it  serves  a  range  of  conditions  from  a  poor  county  to  a 
rich  count3^  The  map  is  explained  as  follows  and  the  district  analyzed 
to  illustrate  the  application  of  the  administrative  considerations  dis- 
cussed in  this  chapter.  An  analysis  of  this  character  gives  a  fairly 
rational  basis  for  a  general  scheme  and  while  it  is  not  possible  to  forcast 
costs  exactly  it  is  useful  in  determining  the  scope  of  the  program  and  the 
general  means  of  meeting  the  yearly  costs. 

The  classification  shown  (Frontispiece)  was  made  by  the  author  as 
the  result  of  a  careful  analysis  of  this  district.  It  is  not  an  official 
classification  but  represents  closely  the  engineering  judgment  of  a  number 
of  the  local  engineers  for  the  main  road  system  included  in  the  State  Aid 
La3-out  approved  or  proposed  in  1920. 

The  roads  shown  in  red  are  Class  I  requiring  rigid  pavement  con- 
struction at  a  probable  construction  expenditure  (1921  cost  conditions) 
of  approximateh^  $50,000  per  mile  for  an  economic  pavement  type  and 
general  satisfaction  of  traffic.  They  will  probably  eventually  require 
$2,000  to  $2,500  per  mile  per  year  for  maintenance  and  renewal. 

The  roads  shown  in  green  are  Class  IIA  requiring  either  rigid 
pavements  or  high  class  surfaces  on  macadam  bases  with  a  probable 
construction  expenditure  (1921)  of  approximately  $40,000  per  mile  and 
eventually  a  maintenance  and  renewal  yearly  charge  of  approximately 
$2,000  per  mile  (1921  scale  of  costs). 

The  roads  shown  in  black  are  Class  II  requiring  modern  macadam 
pavements  at  a  construction  cost  (1921)  of  approximately  $30,000  per 
mile  and  eventually  a  maintenance  and  renewal  yearly  charge  of  approxi- 
mately $1,500  per  mile  (1921  scale  of  costs). 

The  roads  shown  in  yellow  are  Class  III  requiring  a  construction 
expenditure  of  about  $20,000  per  mile  and  a  maintenance  and  renewal 
charge  of  approximately  $1,000  per  mile  per  year  (1921  scale  of  costs). 

The  single  line  roads  are  Class  IV  town  roads  requiring  macadam 
or  gravel  construction  at  a  cost  of  $2  500  to  $10,000  per  mile  (1921)  for 
satisfactory'  all  year  round  service  and  will  need\  maintenance  and 
renewal  yearly  expenditure  of  from  $150  to  $500  per  mile  (1921  scale  of 
costs). 

This  classification  is  a  strict  engineering  classification  based  on  final 
economy  considering  construction  cost,  maintenance  and  renewal. 
It  is  necessary  to  estimate  how  much  such  a  system  will  probably  cost 
to  construct  and  maintain  and  then  see  if  the  district  can  support  it 
and  what  modifications  may  be  necessary  to  give  the  most  service. 
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Table  8. — Approximate  Cost  of  System 


Class  of  road 


Class  I 

Class  IIA 

Class  II 

Class  III 

Total  state  county  system 

Class  IV  (town  roads  local  service) 

Grand  total 


Number 
of  miles 


170 
140 
600 
440 
1,350 
5,350 


Total  cost  of 
construction' 


$  8,500,000 

5,600,000 

18,000,000 

8,800,000 

40,900,000 

27 , 000 , 000 


Eventual  total, 
yearly  mainte- 
nance and 
renewal  ^ 


I     425,000 

280,000 

900,000 

440,000 

2,045,000 

1,350,000 


6 ,  700        $68 . 000 , 000  $3 , 400 , 000 


'  E.stimated  at  prices  prevailing  in  1921. 

This  district  started  its  modern  system  in  an  energetic  way  about 
1905.  Assvmie  that  a  25-year  construction  program  on  the  main 
state  roads  was  considered  reasonable  and  an  indefinite  period  on  the 
town  roads  doing  something  each  year  and  completing  it  as  rapidly  as 
possible;  that  it  is  intended  to  carry  out  the  general  principles  of  taxation, 
etc.,  previously  discussed;  that  competent  tax  experts  and  economists 
have  analyzed  the  situation  in  regard  to  probable  increases  in  assessed 
valuation  and  construction  costs  for  the  period  adopted  and  that  their 
conclusions  agreed  fairly  closely  with  the  resources  of  this  district  in  1920 
(15  years  after  the  program  started).     These  resources  are  as  follows: 


Resources  of  District 

1920 

County 

Assessed 
valuation 

Total  number 
motor  vehicles 

Total  fees 
(motor) 

Genesee 

Livingston 

Monroe' 

Ontario 

Orleans 

Wvomine:    

$  40,000,000 
24,000,000 
350,000,000 
53,000,000 
30,000,000 
26,000,000 

5,000 
5,000 
34,500 
6,700 
3,700 
2,800 

$  48,000 
48,000 
372 , 000 
67,000 
36,000 
27 , 000 

Total 

$523,000,000 

57,700 

$598, 000^ 

1  Monroe  County  contains  the  City  of  Rochester,  assessed  valuation  $280,000,000. 
Total  rural  valuation  district  $240,000,000. 

2  Average  fee  per  car  $10.     Assessed  valuation  per  mile  of  road  $80,000.     Nine 
motor  vehicles  per  mile  of  road. 
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By  coinpaiison  with  Tabic  7,  it  can  be  seen  that  this  district  is  above 
most  states  in  financial  strength  for  highway  purposes  and  that  if  caution 
must  be  exercised  in  this  case  it  is  certainly  important  to  avoid  excessive 
expenditures  in  districts  poorer  than  this  example.  The  analysis  is  based 
on  the  following  plan  of  financing: 

Finance  construction  of  Class  I  and  II A  roads  by  general  tax  levy 
over  entire  district. 

Finance  construction  of  Classes  II  and  III  by  general  tax  50  per  cent 
and  county  tax  50  per  cent. 

Finance  Class  IV  construction  by  general  tax  25  per  cent  and  county 
tax  75  per  cent. 

]\Iaintain  and  renew  Classes  I,  II  and  III  by  vehicle  license  fees 
and  gasoline  tax. 

Maintain  and  renew  Class  IV  by  general  tax  25  per  cent  and  county 
tax  75  per  cent. 

Reasonable  assumptions  seem  to  be  that  an  average  general  rural 
tax  of  3  mills  can  be  used  with  a  maximum  of  6  mills;  that  an  average 
highway  tax  applied  to  rural  roads  of  13^^  mills  and  a  3-mill  maximum 
can  be  levied  in  the  cities. 

That  the  assessed  valuation  in  1930  will  be  30  per  cent  higher  than 
shown  in  1920.  That  there  will  be  30  per  cent  more  motors  at  the  time 
the  maintenance  charge  reaches  its  peak. 

These  are,  we  believe,  conservative  assumptions  on  valuation  and 
rather  high  on  tax  rates. 

Consider  first,  the  maintenance  and  renewal  of  the  main  roads  by 
vehicle  taxation  for  if  it  is  not  possible  to  maintain  and  renew  the  roads 
after  they  are  built,  it  is  useless  to  construct  them. 

Maintenance  and  Renewal. — Table  8,  page  50,  shows  the  estimated 
maintenance  and  renewal  for  the  future  completed  system  of  Class  I  to  III 
roads  (1,370  miles)  as  $2,000,000  annually  chargeable  to  vehicle  taxes. 
We  may  expect  this  to  be  borne  by  not  less  than  70,000  cars  or  an  average 
fee  of  approximately  $25  to  $30  per  car.  The  present  average  fee 
is  $10.  No  gasoline  tax  is  used  in  this  district.  This  indicates 
that  a  gradual  increase  will  be  necessary.  As  a  matter  of  fact  in  this 
district,  there  are  at  present  750  miles  of  state  road  completed  and  under 
maintenance;  the  estimate  for  maintenance  and  renewals  for  this  com- 
pleted mileage  was  $1,200,000  for  1921;  the  legislative  allotment  was 
$750,000,  an  entirelj^  inadequate  sum;  the  motor  license  fees  from  this 
district  were  $600,000,  an  entirely  inadequate  sum.  The  experience  in 
this  district  backs  up  the  figures  given  and  indicates  an  immediate 
necessity  for  a  raise  in  auto  fees ;  this  is  the  first  general  point  brought  out 
by  the  analysis.  Unless  vehicle  fees  or  some  other  form  of  traffic  tax  are 
increased  to  a  supporting  basis,  the  method  of  financing  is  not  sound. 
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Fig.   19A. — Estimated  yearly  combined  maintenance  and  renewal  budget  (1921  costs 

conditions) . 
Class  I  and  llA  roads  (310  miles). 
Assumed  construction  period  1905  to  1915 
Assumed  life  of  pavement  surface  12  to  15  years. 
Note   how   the  curve  steepens  up  when  pavement  renewals  becomes  necessary  and  then  flattens  out 
to  a  high  level  line  when  the  entire  system  is  old  enough  for  the  renewal  charge  to  become  constant. 
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Fig.  195. —  Estimated    yearly    combined    maintenance    and  renewal    budget     (1921    cost 

conditions.) 
Class  II  and  III  roads  (.1|040  miles'! . 
Assumed  construction  period  1905  to  1930. 
Assumed  life  of  pavement  surface  8  to  12  years. 
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19C. — This  figure  combines  19^  and  19.B  and  includes  Classes  I,  24,       Fig.     19D.  —  Estimated 
II  and  III  roads.  necessary  auto  license  fee. 

Fig.  19. — Diagrams  representing  estimated  combined  maintenance  and  renewal  yearly 
appropriations  for  the  district  shown  in  frontispiece. 
Note. — These  appropriations  should  be  raised  of  vehicle  taxation.  This  data  complied  in  1920 
by  W.  G.  Harger  in  connection  with  a  personal  study  of  this  district  under  assumed  conditions  to 
illustrate  the  value  of  classification  in  connection  with  a  general  finance  plan.  This  same  method 
can  be  applied  to  any  program  at  any  stage  of  procedure  provided  the  data  is  carefully  worked  out 
considering  the  age  and  type  of  existing  pavements. 
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1900      1910       1920      1930       1940       1950    I960 
Year 

Estimated  Assessed  Valuation.     Division  7 


1905     1910      1915       1920       1925      1930      1955     1940 
Yea  r 
Tax  Curve  for  Construction  Class  I  and  11^4    Roads.     Di\'ision  7 


l.ooonoo 


1905     1910       1915       1920       1925       1930       1935       1940        1945       1950     1955 
Year 
Tax  Curve  for  Construction  Class  II  and  III  Roads.    Division  7 


2,ooqooo 

=1   1,500,000 
■§    1,000,000 
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\905     1910       1915       1920      1925       1930      1935       1940      1945       1950      1955 
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Tax  Curve  Class  I,  IIA,  II  and  III  Roads.     Construction  Program 

Fig.  20. 
Note. — See  pages  55  and  59  for  tabulation  of  budget. 
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Construction  Class  I  and  II A  Roads. — Consider  the  construction  of 
Class  I  and  IIA  roads  by  general  tax  over  the  entire  district.  The  con- 
struction cost  of  these  roads  Table  8,  page  50,  is  estimated  at  S14,000,000. 
Assuming  that  they  are  financed  by  25-year  5  per  cent  serial  bonds  on  a 
10-year  construction  program  beginning  in  1905  the  maximum  tax  rate  in 
1915  would  be  approximately  2  mills  over  the  entire  district  (see  Fig.  20). 

These  roads  are  of  primary  benefit  and  considering  that  their  rapid 
construction  up  to  excellent  standards  will  not  require  a  tax  rate  above 
2  mills  maximum  (^^  of  the  maximum  city  rate  permissible)  it  seems  good 
sense  for  this  district  to  concentrate  effort  on  these  roads  and  get  them 
into  service. 

Construction  Class  II  and  III  Roads. — The  general  city  and  general 
rural  tax  rate  is  affected  as  follows  for  the  construction  of  Class  II  and  III 
Roads.     Assume  a  25-year  construction  period  as  reasonable. 

The  estimated  construction  cost  Table  8,  page  50,  is  approximately 
$27,000,000  half  of  which  is  to  be  paid  for  by  general  tax  over  the  entire 
district.  Figure  20  shows  the  general  tax  rate  for  Classes  I  and  IIA,  for 
Classes  II  and  III  and  the  last  graph  for  all  Classes  I,  IIA,  II  and  III. 
The  maximum  general  tax  rate  runs  about  constant  under  this  illustrative 
program  from  1915  to  1930  and  amounts  to  about  3  mills  which  is  about 
the  limit  of  allowable  taxation  under  the  assumptions  used.  That  is, 
from  1915  to  1930,  we  have  about  reached  the  limit  of  city  taxation  for 
rural  highway  purposes  and  cannot  give  much  aid  to  local  town  roads 
(Class  IV)  unless  the  mileage  of  Class  II  and  III  roads  is  reduced  and  put 
into  Class  IV. 

Consider  the  total  tax  rate  for  Wyoming  County  (a  poor  district). 
In  addition  to  the  general  tax  of  3  mills  for  Classes  I,  IIA,  II  and  III 
Roads,  the  county  must  pay  for  50  per  cent  of  the  Class  II  and  III  roads 
within  its  boundaries.  The  county's  share  of  the  construction  cost  of 
these  roads  is  estimated  at  approximately  $1,000,000.  The  total  highway 
tax  rate  for  Wyoming  County  for  Class  I,  IIA,  II  and  III  roads  is  illus- 
trated in  Fig.  21  and  shows  the  limit  of  highway  expenditure  is  nearly 
reached  from  1915  to  1935  without  doing  much  for  the  local  town  roads 
(Class  IV). 

The  consideration  of  both  the  city  and  rural  tax  rates  in  this  district 
for  Class  I,  IIA,  II  and  III  roads  indicates  the  second  general  conclusion, 
namely,  that  caution  must  be  exercised  not  to  throw  too  much  mileage 
into  Class  II  and  III  roads  as  it  tends  to  delay  somewhat  the  mileage  and 
immediate  construction  of  local  roads,  which  can  be  fairly  well  served 
under  Class  IV  rating. 
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Class  I  and  IIA  Roads — Tabulation  of  Fig.  20  (page  53) 


Bonds 

issued  to 

date 

Outstanding 
indebtedness 

Annual  charges 

Year 

Interest 

Repayment 
account 

Budget 
for  year 

1905 

.f  1,400,000 

$  1,400,000 

$             0 

$             0 

$                0 

1906 

2,800,000 

2,744,000 

70,000 

56,000 

126,000 

1907 

4,200,000 

4,032,000 

1.37,200 

112,000 

249,200 

1908 

5,600,000 

5,264,000 

201,600 

168,000 

369,600 

1909 

7,000,000 

6,440,000 

263,200 

224,000 

487,200 

1910 

8,400,000 

7,560,000 

322,000 

280,000 

602,000 

1911 

9,800,000 

8,624,000 

.378,000 

336,000 

714,000 

1912 

11,200,000 

9,632,000 

431,200 

392,000 

823,200 

1913 

12,600,000 

10,584,000 

481,600 

448,000 

929,600 

1914 

14,000,000 

11,480,000 

529,200 

.504,000 

1,033,200 

1915 

10,920,000 
10,360,000 
9,800,000 
9,240,000 
8,680,000 
8,120,000 
7,560,000 
7,000,000 
6,440,000 
5,880,000 
5,320,000 
4,760,000 

574,000 
546,000 
518,000 
490,000 
462,000 
434,000 
406,000 
378,000 
350,000 
322,000 
294,000 
266,000 

560,000 
560,000 
560,000 
560,000 
.560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
.560,000 

1,134,000 

1916 

1,106,000 

1917 

1 , 078 , 000 

1918 

1,050,000 

1919 

1,022,000 

1920 

994,000 

1921 

966,000 

1922 

938,000 

1923 

910,000 

1924 

882 , 000 

1925 

854 , 000 

1926 

^  ^ 

826,000 

1927 

4,200,000 

3,640,000 

3,080,000 

2,520,000 

2,016,000 

1,568,000 

1,176,000 

840,000 

560,000 

336,000 

168,000 

52,000 

0 

0 

238,000 

210,000 

182,000 

154,000 

126,000 

100,800 

78,400 

.58,800 

42,000 

28,000 

16,800 

2,600 

0 

0 

560,000 
560,000 
560,000 
.560,000 
504,000 
448,000 
392,000 
336,000 
280,000 
224,000 
168,000 
112,000 
56,000 
0 

798,000 

1928 

770,000 

1929 

742 , 000 

1930 

714,000 

1931 

630,000 

1932 

548,800 

1933 

470,400 

1934 

394 , 800 

1935 

322 , 000 

1936 

252 , 000 

1937 

184,800 

1938 

114,600 

1939 

56 , 000 

1940 

0 

.$9,091,400 

$14,000,000 

.$23,091,400 

Note. — This  tabulation  refers  to  Fig.  20,  page  53. 
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As  a  matter  of  fact,  the  State-County  System  for  the  entire  district 
shown  in  the  Frontispiece  (Div.  7)  was  reduced  in  mileage  in  1921  from 
1,370  proposed  miles  to  1,100  adopted  miles,  as  the  former  appeared  to  be 
too  ambitious  a  mileage  for  extremely  high  cost  roads  and  was  apparently 
delaying  a  more  liberal  policy  of  State  Aid  in  connection  with  the  Class 
IV  roads.     Even  the  1,100  mile  program  is  rather  high. 

Class  IV  Roads. — Considering  local  Class  IV  roads  as  a  separate  prob- 
lem, the  main  difficulty  will  be  in  maintaining  and  renewing  them  by 
general  tax  levy  after  they  are  once  built.  Consider  the  problem  from 
the  standpoint  of  maintenance  and  renewal  and  work  back  from  this  to 
justifiable  construction  cost. 

Suppose  we  put  off  modern  construction  of  the  local  roads  (Class  IV) 
until  1935  and  make  the  best  of  them  with  minor  repairs  and  patrol 
maintenance.  How  are  we  going  to  handle  them  in  Wyoming  County 
at  a  later  date  when  the  main  road  debt  is  practically  cancelled?  Assume 
that  the  assessed  valuation  of  Wyoming  County  rises  to  $35,000,000  and 
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Fig.  21. — Diagram  of  estimated  tax  rate  for  Wyoming  County  including  its  share 
of  the  general  tax  for  Class  I,  IIA,  II  and  III  roads  and  the  local  tax  for  50  per  cent  of 
Class  II  and  III  roads. 


that  beginning  in  1940  it  is  reasonable  to  raise  $130,000  annually  to  cover 
75  per  cent  of  the  cost  of  construction,  maintenance  and  renewal  of 
these  roads,  the  other  25  per  cent  being  outside  aid. 

Wyoming  County  has  approximately  900  miles  of  Town  Roads. 
Probably  it  can  not  afford  to  spend  on  maintenance  and  renewal  per 
year  over  $100  per  mile  which  with  reasonable  outside  aid  amounts  to 
not  over  $150  per  mile  per  year.  This  warrants  an  average  construction 
expenditure  of  not  over  $3,000  per  mile  for  such  roads,  which  means  that 
even  for  a  considerable  time  in  the  future  they  can  probably  achieve  only 
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moderately  light  construction  for  most  of  the  Class  IV  roads,  and  that  it  is 
extremely  important  to  keep  heavy  trucks  off  the  purely  local  roads  if 
they  are  ever  to  get  any  reasonably  good  general  system. 

The  meaning  of  this  rather  rough  analj^sis  of  a  very  typical  district 
seems  to  be  that  care  must  be  exercised  to  eliminate  needless  expenditure 
even  on  the  main  roads  and  most  certainly  this  is  true  of  the  Class  II, 
III  and  IV  roads.  We  have  had  numerous  cases  in  the  past  few  years 
of  plans  calling  for  the  expenditure  of  $40,000  to  $50,000  per  mile  on 
unimportant  roads  carrying  not  over  300  to  500  vehicles  a  day  and  it  is 
against  this  tendency  that  we  wish  to  throw  the  weight  of  the  evidence  as 
strongly  as  possible.  Any  department  even  in  a  rich  state  which  advo- 
cates excessive  expenditure  of  this  kind  endangers  the  success  of  even  its 
own  road  programs.  There  are  cases  where  counties  have  hesitated  to 
take  advantage  of  outside  aid  as  they  figured  that  they  could  construct 
locally  a  road  that  would  serve  the  purpose  for  less  than  their  share  of  an 
extremely  expensive  Standard  State  Road.  This  illustrates  the  folly  of 
unbalanced  design.  It  may  seem  to  the  reader  that  the  point  is  over- 
emphasized, but  to  the  writer  nothing  seems  more  Hkely  to  discredit 
highway  engineers  than  needless  expenditures  of  this  kind  or  the  lack  of  a 
firm  policy  in  favor  of  traffic  regulation  on  local  roads. 

Research  and  Records. — The  main  hope  for  improvement  in  highway 
design  lies  in  scientific  research  coordinated  with  actual  service  tests  by 
systematic  records.  Too  much  emphasis  cannot  be  placed  on  the  value 
of  Research  as  a  factor  in  highway  programs  but  its  use  is  in  some  cases 
more  or  less  preverted.  Research  has  a  decided  advertising  value  to  the 
executive  and  a  decided  physical  design  value  to  the  engineer.  From 
the  standpoint  of  the  executive,  the  main  value  of  research  is  to  help  create 
public  confidence  in  the  administration.  Judicious  publicity  along  the 
line  of  advertising  that  an  earnest  effort  is  being  made  to  utilize  scientific 
knowledge  is  considered  desirable.  This  is  a  valid  use  but  care  should  be 
taken  that  the  reasonable  recommendations  resulting  from  scientific 
investigation  are  actually  utilized  in  design  and  construction  and  not 
merely  shelved  after  the  advertising  value  has  been  extracted.  There  is 
no  defense  for  the  use  of  research  merely  as  part  of  the  garment  of  respect- 
ability. From  the  standpoint  of  the  constructing  engineer,  research  is 
valuable  in  establishing  definite  basic  laws.  Exact  comformity  with 
scientific  recommendations  however  may  well  proceed  cautiously.  It  is 
necessary  for  the  student  to  bear  in  mind  that  the  finer  shading  of  lab- 
oratory conclusions  in  regard  to  construction  methods  or  experimental 
analysis  of  minor  variations  in  vehicle  operation  costs  as  affected  by 
different  types  of  surfaces  of  essentially  the  same  general  class  of  pave- 
ment are  relatively  unimportant  factors  in  design  or  type  selection  as 
compared  with  the  necessities  of  the  situation  in  terms  of  hmited  funds, 
demand    for   immediate    service,    popular  approval   of   certain  types. 
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unavoidable  construction  imperfections  which  always  occur,  etc.  That 
is,  if  funds  are  limited,  we  cannot  very  well  put  off  needed  construction 
by  telling  the  taxpayer  that  experiment  has  determined  that  an  auto  tire 
will  last  12,243  miles  on  a  new  rigid  pavement  which  is  in  perfect  condition 
and  which  is  free  from  ice  and  snow  and  11,339  miles  on  macadam  and 
that  considering  final  operation  cost  of  his  Ford  car  during  the  summer 
we  are  going  to  wait  5  years  till  we  can  get  money  enough  to  build  an 
expensive  road  by  his  house. 

In  connection  with  construction,  research  has  developed  many 
useful  basic  laws  one  example  being  a  rational  theory  of  concrete  mix- 
tures. This  theory  has  improved  general  practice  but  this  or  any  other 
theory  cannot  be  carried  too  far  in  design  because  every  once  in  a  while  a 
laborer  forgets  to  put  in  a  sack  of  cement  or  the  water  valve  leaks  or 
the  inspector  goes  to  sleep  and  allowances  must  be  made  for  such 
contingencies. 

Systematic  engineering  records  and  costs  have  rarely  received  the 
attention  to  which  they  are  entitled  and  much  of  the  accumulated  experi- 
ence of  the  past  has  been  lost  on  this  account.  One  fundamental  diffi- 
culty of  our  system  of  highway  organization  is  the  rapidly  changing 
executive  personnel  and  there  is  not  much  incentive  to  pass  on  personal 
knowledge  when  the  men  anticipate  removal  for  purely  political  reasons. 
For  this  reason,  standard  'practice  is  lagging  way  behind  individual  knowl- 
edge. Records  become  increasingly  important  as  reconstruction  pro- 
grams are  inaugurated.  For  such  work  we  personally  know  of  many 
cases  where  lack  of  knowledge  of  the  exact  conditions  has  resulted  in 
needlessly  expensive  reconstruction  designs  or  in  inadequate  provision  for 
the  repair  of  short  lengths  of  weak  pavements. 

Research  and  well  kept  permanent  records  are  essential  parts  of  any 
permanent  highway  program  but  they  are  merely  aids  to  a  reasonable 
solution. 

Organization  Personnel. — The  success  of  a  highway  program  really 
depends  more  on  the  individual  character  and  professional  ability  of  the 
men  making  up  the  organization  than  on  any  other  feature;  if  the  men  are 
high  grade,  nothing  radically  wrong  is  likely  to  develop  and  the  designs 
are  usually  economical.  If  the  men  are  inexperienced  or  second  rate,  no 
system  of  standardization  or  rigid  red  tape  procedure  will  prevent 
wasteful  design  and  poor  construction  work.  It  is  difficult  to  retain  high 
grade  men  in  the  public  service  as  usually  the  salaries  are  niggardly  and 
the  advancement  slow  and  often  not  based  on  personal  ability.  One  of 
the  foremost  State  Highway  Engineers  resigned  in  1920  from  his  position 
on  the  ground  that  it  was  impossible  to  develop  an  organization  which 
could  expend  the  State  Highway  appropriations  in  a  really  efficient 
manner;  that  the  trouble  lay  in  low  pay  and  the  difficulty  of  advancing 
the  best  men;  that  while  they  had  succeeded  in  employing  and  training 
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General  Tax,  Class  II  and  III  Roads — Tabulation  of  Fig.  20  (page  53) 


Bonds  issued 
to  date 


Outstanding 
indebtedness 


Annual  charges 


Interest 


Repayment 
account 


Budget  for 
year 


1905 
1906 
1907 
1908 
1909 
1910 

1911 
1912 
1913 
1914 
1915 

1916 
1917 
1918 
1919 
1920 

1921 
1922 
1923 
1924 
1925 

1926 
1927 
1928 
1929 
1930 

1931 
1932 
1933 
1934 
1935 

1936 
1937 
1938 
1939 
1940 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 


$  540 


000 
000 
000 
000 
000 
000 

000 
000 
000 
000 
000 

000 
000 
000 
000 
000 

000 
000 
000 
000 
000 

000 
000 
000 
000 


$  540 


058 
555 
030 
484 
916 

326 
715 
082 
428 
752 

054 
335 
594 
832 
048 

242 
415 
566 
696 
804 

890 
955 
998 
020 
480 

961 
464 
989 
536 
104 

693 
304 
937 
592 

268 

965 
684 
425 
188 
972 

777 
664 
453 
324 
216 


000 
400 
200 
400 
000 
000 

400 
200 
400 
000 
000 

400 
200 
400 
000 
000 

400 
200 
400 
000 
000 

400 
200 
400 
000 
000 

600 
800 
600 
000 
000 

600 
800 
600 
000 
000 

600 
800 
600 
000 
000 

600 
800 
600 
000 
000 


i   27,000 

$  21, 

52,920 

43, 

77,760 

64, 

101,520 

86, 

124,200 

108, 

145,800 

129, 

166,320 

151, 

185,760 

172, 

204,120 

194, 

221,400 

216, 

237,600 

237, 

2,52,720 

259, 

266,760 

280, 

279,720 

302, 

291,600 

324, 

302 , 400 

345, 

312,120 

367, 

320,760 

388, 

328,320 

410, 

334,800 

432, 

340,200 

453, 

344,520 

475, 

347,760 

496, 

349,920 

518, 

351,000  . 

540, 

324,000 

518, 

298,080 

496, 

273,240 

475, 

249,480 

453, 

226,800 

432, 

205,200 

410, 

184,680 

388, 

165,240 

367, 

146,880 

345, 

129,600 

324, 

113,400 

.302, 

98,280 

280, 

84,240 

259, 

71,280 

237, 

59,400 

216, 

48 , 600 

194, 

38,880 

172, 

30,240 

151, 

22 , 680 

129, 

16,200 

108, 

,600 
,200 
,800 
,400 
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,600 
,200 
,800 
,400 
,000 

,600 
,200 
,800 
,400 
,000 

600 
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800 
400 
000 

,600 
,200 
,800 
,400 
,000 

,400 
,800 
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,600 
,000 

,400 
,800 
,200 
,600 
,000 

,400 
,800 
,200 
,600 
,000 

,400 
,800 
,200 
,600 
,000 


48,600 

96,120 

142,560 

187,920 

232,200 

275,400 
317,520 
3.58 ,  560 
398 , 520 
437 , 400 

475,200 
511,920 
547 , 560 
582,120 
615,600 

648,000 
679,320 
709 , 560 
738 , 720 
766,800 

793,800 
819,720 
844 , 560 
868 , 320 
891,000 

842,400 
794,880 
748,440 
703,080 
658,800 

615,600 
573,480 
532,440 
492,480 
453,600 

415,800 
379,080 
343,440 
308,880 
275,400 

243,000 
211,680 
181,440 
152,280 
124,200 
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General  Tax,  Class  II  and  III  Roads. — Continued 


Bonds  issued 
to  date 

Outstanding 
indebtedness 

Annual  charges 

Budget  for 
year 

Interest 

Repayment 
account 

1951 

$129,600 

64 , 800 

21,600 

0 

0 

$     10,800 

6,480 

3,240 

1,080 

0 

$     86,400 

64 , 800 

43,200 

21,600 

0 

$     97,200 

1952 

71,280 

1953 

46,440 

1954 

22,680 

1955 

0 

$8,775,000 

$13,500,000 

$22,275,000 

some  very  excellent  talent  that  it  was  impossible  to  hold  a  reasonable 
proportion  of  the  men  and  that  the  turnover  was  high. 

This  action  expressed  in  a  very  effective  way  the  quite  universal 
handicap  of  a  highway  executive.  Under  the  existing  conditions,  the 
solution  most  often  adopted  hes  in  retaining  a  few  high  grade  men  as 
active  subordinate  assistants  to  pohtically  appointed  heads  and  rigidly 
standardizing  detail  procedure  utiHzing  quite  low  pay  men  for  the  actual 
design  and  construction  end  of  the  program.  Such  a  system  produces  a 
moderately  good  type  of  highway  as  can  be  seen  by  observing  the  results 
to  date  but  any  engineer  actually  acquainted  with  the  working  of  this 
system  will  say  that  the  cost  of  construction  is  needlessly  high  in  most 
cases  and  that  the  community  pays  a  tremendous  amount  of  money 
every  year  because  they  have  not  sense  enough  to  adopt  a  more  liberal 
policy  of  salary  and  reward.  High  grade  engineering  pays  for  itself  in 
actual  construction  money  saving  ten  times  over  the  additional  salary 
cost  but  this  fact  is  not  generally  recognized  by  the  pubhc  and  while 
road  officials  understand  it,  they  either  find  it  difficult  to  override  public 
sentiment  or  actually  prefer  mediocre  talent  on  account  of  the  greater 
freedom  which  they  have  to  carry  out  their  own  pet  schemes.  Until 
the  entire  organizations  from  inspectors  up  to  the  Chief  are  raised  to  a 
good  standard  of  individual  ability,  waste  is  bound  to  occur. 

Executives  have  said  that  they  knew  moderate  priced  roads  well 
designed,  constructed  and  maintained  would  serve  satisfactorily  but 
that  such  results  were  hard  to  obtain  under  existing  organization  condi- 
tions and  that  in  self-defense  they  considered  it  good  policy  to  design  a 
rigidly  standardized  $40,000  a  mile  highway  even  on  comparatively 
unimportant  Class  III  roads  to  get  S20,000  worth  of  service.  This 
expresses  in  an  extreme  way  the  continual  waste  that  is  more  or  less  the 
result  of  niggardly  public  service  employment  policy. 

Nothing  takes  the  place  of  the  individual  judgment  of  the  rank  and 
file  men  of  the  organization.     What  most  organizations  need  are  high 


GENERAL  ADMINISTRATIVE  CONSIDERATIONS  61 

grade  detail  designers  and  constructors  who  are  encouraged  to  use  their 
experience  and  judgment  and  are  not  tied  down  too  much  by  rigid 
standardization  or  their  work  crippled  too  much  by  demands  for  plans 
at  such  short  notice  that  reasonable  care  and  study  cannot  be  given  to 
each  road.  This  must  not  be  construed  as  an  argument  for  unrelated 
work  by  a  crowd  of  individualists  but  departmental  heads  may  well  rid 
themselves  of  the  idea  that  all  wisdom  originates  at  the  official  top  and 
that  standardization  will  take  the  place  of  brains. 

Conclusion  of  Chapter. — This  chapter  may  be  briefly  summarized  as 
follows : 

First. — From  the  standpoint  of  economic  return  on  road  investments, 
it  is  desirable  to  limit  the  type  of  improvements  to  standards  of  general 
utility  until  a  general  system  has  been  accompHshed,  particularly  if  the 
program  is  financed  by  a  general  tax  levy. 

Second. — Efficient  maintenance  of  both  the  old  existing  roads  and 
the  new  improved  roads  is  the  only  possible  means  of  giving  moderately 
good  general  traffic  service  within  a  reasonable  time. 

Third. — It  is  probably  desirable  in  most  cases  to  begin  by  concen- 
trating effort  and  at  least  50  per  cent  of  the  total  available  highway 
expenditure  on  a  rapid  construction  program  for  certain  main  roads  con- 
stituting from  say  5  to  15  per  cent  of  the  total  road  mileage.  Such  roads 
should  if  possible  be  built  up  to  truly  economic  engineering  standards  of 
general  utiUty. 

Fourth. — After  this  is  accomplished  it  generally  seems  desirable  to 
raise  the  standard  of  the  entire  balance  of  the  system  as  best  we  can. 
This  may  require  low,  makeshift  engineering  standards  of  pavement 
design  for  the  first  stages  of  improvement,  depending  entirely  on  the 
financial  strength  of  the  district.  Under  a  reasonable  tax  distribution  it 
is  generally  possible  to  improve  the  system  gradually  by  successive  stages 
up  to  the  standards  of  general  utility  provided  traffic  is  subjected  to 
reasonable  regulation. 

Fifth. — Unrestricted  traffic  makes  it  impossible  to  make  any  progress 
with  local  service  roads  in  the  poorer  districts,  as  the  comparatively  light 
roads  that  these  districts  are  able  to  finance  are  destroyed  faster  than 
they  can  be  built.  Rigid  traffic  regulation  on  a  rational  basis  depending 
on  the  local  conditions  is  a  more  positive  help  in  local  road  improvement 
programs  than  even  quite  generous  State  Aid  moneys.  Where  it  is  impos- 
sible to  finance  roads  that  will  economically  handle  heavy  trucking  it  is 
obvious  that  the  only  solution  requires  the  eUminationof  such  units  during 
the  first  stages  of  improvement.  Even  the  first  stages  of  improvement, 
however,  should  probably  permit  the  use  of  2i^-ton  trucks. 

Sixth. — The  reasonable  distribution  of  the  tax  burden,  and  sound 
methods  of  raising  construction  and  maintenance  funds  are  fundamentals 
in  the  success  of  any  program. 
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Seventh. — The  classification  of  roads  tends  to  stabilize  procedure 
through  successive  administrations  and  tends  to  encourage  a  rational 
distribution  of  funds  and  well-balanced  engineering  type  selection. 

Eighth. — Sound  general  pohcy  in  the  matter  of  handling  growth 
in  traffic  volume  apparently  favors  the  principle  of  ultimately  dis- 
tributing traffic  over  moderate  priced  parallel  routes  rather  than  by  con- 
centration on  a  few  extremely  wide  and  extremely  expensive  highways. 

Ninth. — Sound  general  policy  in  the  matter  of  pavement  type  seems 
to  usually  lead  to  the  use  of  flexible  pavements  for  the  earlier  stages  of 
improvement  programs,  gradually  strengthening  the  foundation  and 
improving  the  character  of  the  surface  up  to  practically  any  standard  of 
convenience,  except  for  a  very  small  percentage  of  the  mileage  (Special 
Service  Roads)  on  which  from  the  outset  there  is  no  doubt  but  that  the 
rigid  type  of  pavement  is  the  most  economical  investment. 

Tenth. — The  success  of  any  program  depends  on  the  ability  of  the 
executive  to  develop  an  efficient  design,  construction,  and  maintenance 
organization.  In  highway  work  as  in  any  other  line  the  whole  matter 
hinges  on  personnel  and  this  particular  phase  of  the  problem  can  only  be 
well  handled  under  a  liberal  policy  of  public  service  salaries  and  recogni- 
tion of  ability. 

The  following  chapter  considers  the  detailed  engineering  analysis 
which  governs  the  selection  of  pavement  type  for  specific  cases. 


CHAPTER  II 

GENERAL  ENGINEERING  PRINCIPLES  OF  PAVEMENT  DESIGN 
AND  TYPE  SELECTION  FOR  SPECIFIC  ROADS 

Chapter  I  considered  the  effect  of  Hmitations  of  expenditure  on  pave- 
ment type  selection.  The  discussion  in  this  chapter  is  based  on  the 
assumption  that  funds  are  available  to  build  the  most  economical  type 
of  pavement  from  the  standpoint  of  final  cost.  Theoretically,  this 
requires  comparative  estimates  for  different  pavements  considering  first 
cost,  interest,  maintenance,  renewal  and  motor  operation  costs.  The 
problem  is  not  susceptible  to  a  close  theoretical  analysis  as  there  are  too 
many  variable  and  more  or  less  indeterminate  factors  involved.  There 
is,  however,  enough  data  based  on  experience  with  modern  traffic  supple- 
mented by  scientific  research  to  make  a  rough  analysis  and  arrive 
at  reasonable  conclusions. 

Experienced  highway  engineers  are  able  with  the  data  now  at  their 
disposal  to  make  successful  economic  pavement  designs  of  varying  depth 
to  meet  different  conditions  of  load,  soil  and  pavement  t3^pe.  These 
designs  based  on  the  data  recorded  in  this  chapter  should  save  at  least 
10  per  cent  on  construction  cost  over  the  usual  rigidly  standardized 
macadam  design  in  use  by  many  State  Departments  (1922)  and  the 
percentage  of  yearly  repair  due  to  depth  weakness  should  not  exceed  %o 
of  one  per  cent  of  the  surface  area.  Rigid  pavement  design  is  open  to 
more  uncertainty  but  even  this  type  can  be  designed  with  assurance  of 
reasonable  success  without  needless  first  cost. 

Additional  experiment  and  research  will  undoubtedly  improve  standard 
practice  but  pavement  design  will  probably  remain  largely  a  matter  of 
experience  and  judgment  expressed  empirically.  The  uncertainty  in 
judging  soils  and  future  traffic,  the  cost  of  applying  laboratory  methods  of 
design  to  the  rapidly  fluctuating  sub-soil  conditions  of  the  ordinary  road, 
and  the  personal  equation  in  design,  inspection,  construction  and  mainte- 
nance make  the  rigid  application  of  formulated  theory  of  doubtful  value. 
Pavement  design  and  estimates  of  final  cost  must  also  consider  the  general 
standard  of  excellence  of  public  work  in  the  district  involved.  This 
standard  is  never  theoretically  perfect  but  it  is  usually  higher  under  State 
and  Federal  control  than  under  local  control.  The  following  general 
discussion  is  based  on  data  collected  under  State  administrative  condi- 
tions.    Details  of  design  for  each  type  are  considered  in  Chap.  III. 

The  selection  of  pavement  type  on  rural  highways  differs  from  the 
city  or  village  street  problem.     In  cities,  the  consideration  of  appearance, 
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cleanliness,  personal  preference  of  abutting  property  owners  and  the 
ability  to  replace  the  surface  without  a  material  change  in  elevation 
outweigh  the  factor  of  cost.  On  rural  highways,  cost  governs,  provided 
the  surfaces  are  moderatelj'-  safe  and  the  pavements  of  equal  strength. 
No  one  pavement  combines  all  the  desirable  qualities  for  either  city 
streets  or  rural  highways.  Each  standard  pavement  has  individual 
advantages  and  disadvantages  and  the  problem  of  selection  lies  in  analyz- 
ing the  requirements  for  the  road  in  question  and  selecting  the  most 
suitable  type  for  the  particular  case. 

Broadly  speaking,  where  all  classes  of  road  materials  are  locally 
available,  the  more  expensive  first  cost  pavements  generally  cost  less  to 
maintain,  so  that  the  final  cost  is  not  greatly  affected  by  the  selection  of 
type;  this  conclusion  however,  does  not  apply  to  the  extremes  of  traffic 
(gravel  roads  are  not  economical  under  heavy  traffic  nor  are  rigid  pave- 
ments economical  under  light  traffic)  nor  does  it  apply  to  special  conditions 
of  material  supply  where  the  local  materials  are  only  fit  for  certain  types 
of  pavement.  Type  selection  is  well  worth  careful  attention  but  any 
effort  to  split  hairs  in  determining  final  cost  is  of  doubtful  value.  The 
practical  problem  for  any  specific  road  is  confined,  first,  to  the  determination 
of  the  various  pavements  suitable  for  the  general  class  of  traffic  the  road  will 
carry,  and  second,  to  the  selection  of  the  particular  pavement  which  will 
utilize  to  best  advantage  the  good  quality  local  materials  or  the  cheapest  good 
quality  imported  materials.  Special  conditions  such  as  grade  limitations, 
appearance  in  villages,  special  flood  overflow,  maintenance,  renewal 
and  motor  operation  cost  complete  the  analysis. 

Engineering  Judgment  Versus  Advertising  Propaganda. — A  well 
made  engineering  analysis  of  economic  type  selection  is  quite  logical  and 
convincing  (see  official  report  page  153).  It  is  often  at  variance  with 
conclusions  which  have  been  given  wide  publicity  by  the  advertising 
efforts  of  the  different  material  industries.  Two  examples  of  common 
advertising  appeal  are  quoted  as  follows : 

Figure  22  shows  a  recent  clever  advertising  novelty  gotten  out  by  the 
Asphalt  Association.  If  you  follow  the  purely  mechanical  operations 
of  the  "Pigs  in  the  Clover"  diagram  and  don't  make  a  mistake  you 
generally  stop  at  the  advertiser's  product.  The  same  diagram  could  be 
used  to  advertise  any  product  by  simple  arbitrary  transposition  of  the 
order  of  Pavements.  The  advertisers  of  course  make  no  claim  that  this 
is  a  sample  of  wisdom;  it  is  merely  a  method  of  reminding  the  observer 
that  asphalt  is  available  for  his  work  and  that  it  is  a  good  product.  This 
general  type  of  publicity  however,  has  considerable  effect  on  unthinking 
popular  demand  for  certain  types  regardless  of  a  reasonable  economic 
solution. 

Another  material  propaganda  effort  produced  the  following  gem  which 
can  be  made  to  apply  to  any  well  constructed  modern  pavement  by 
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PROPERTIES 

Durability 9 

Noiselessness 6 

Low  Maintenance. 8 
Ease  of  Repair  ._10 

Smoothness . .  5 

Economy ._8 

Pleasing  Appearance  3 
Dustlessness  . . 


DIRECTIONS 


1.     Note  in  Table  A  those  propertief 
enter  their  corresponding  numberi 


vhich  you  consider  important 


2.  Total  the  numbers  in  column  B. 

3.  Next,  starting  with  Block  "yf^  count  upward  to  the  circle  and  contin 
couDliiie  the  blocks  clockwise,  (to  the  left)  around  the  circle  until  I 
number  counted  corresponds  to  the  total  of  column  B. 

4.  Call  the  last  block  counted  No.  1  and  proceed  to  count  the  blocks  ba< 
ward,  (in  the  reverse  direction)  around  the  circle  until  the  numt 
counted  again  corresponds  to  the  total  of  column  B. 

5.  The  Block  at  this  point  i 


les  The  Type  of  Pavement  to  Sele 

Fig.  22. 
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modifying  the  first  verse.     This  is  really  a  clever  bit  of  advertising  and 
we  heartily  approve  of  it  as  such  but  deprecate  the  misleading  inference. 

Cement  Roads 

"Hordes  of  autos, 

Now  remind  us 
We  should  build 

Our  roads  to  stay 
And,  departing, 

Leave  behind  us 
Kinds  that  rain 

Don't  wash  away." 

"When  our  children 

Pay  the  mortgage 
Father  made 

To  haul  the  load. 
They'll  not  have  to 

Ask  the  question 
Here's  the  bond, 

But  Where's  the  road?" 

If  this  were  to  be  used  in  advertising  say  any  kind  of  bituminous 
binder  for  Penetration  Bituminous  Macadam  the  first  verse  might  be 
changed  to  read  as  follows.  This  change  is  made  with  apologies  to  the 
original  unknown  author. 

Bituminous  Macadam  Roads 

"Hordes  of  autos 

Now  remind  us 
We  should  build 

Our  roads  real  well. 
And,  departing 

Leave  behind  us 
Kinds  that  frost 

Don't  crack  to  hell." 

If  you  wish  to  descend  to  the  standard  of  the  "Sweet  Singer  of 
Michigan,"  Brick  Surfaces  might  be  advertised  as  follows: 

"  Hordes  of  autos  now  remind  us 
Cars  must  not  skid  or  slip  or  slide. 
Roads  should  not  provide  the  reason 
Father  died  and  died  and  died.'" 

It  is  more  or  less  of  a  travesty  on  ordinary  human  intelligence  that 
stuff  of  this  kind  seems  to  have  more  effect  on  people  than  a  straight  plain 
statement  of  facts. 

Reasonable  type  selection  and  design  depends  on  consideration  of 
the  following  factors: 
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1.  Traffic  Classificatioii. 

2.  Suitable  Pavements  based  on  Traffic  Classification. 

3.  Strength  of  Pavements. 

(a)  Sub-grade  Soils. 

(b)  Depths  of  Pavement  required  considering  traffic,  soil  and  type 

of  pavement. 

4.  Widths  of  Pavement. 

5.  Construction  Cost.     (Comparative  Estimate  different  types.) 
(a)  Amounts  of  material  required. 

(6)  Materials  available;  amount  and  suitabiHty. 

(c)  Alternate  Estimates  different  types,  different  widths. 

6.  Maintenance  and  Renewal  Costs  (Different  types). 

7.  Reasonable  Maximum  Expenditures, 
(a)  Based  on  economic  travel  benefit. 
(6)  Based  on  intangible  benefit. 

8.  Recommended  Design, 
(a)  Type. 

(6)  Width. 

Examples  of  Official  Reports  covering  these  points  are  given  on 
pages  153,  159,  477  and  581. 

General  Suitability  of  Types  (Based  on  Traffic  Classification).^ — The 
general  suitability  of  types  was  discussed  in  Chap.  I,  page  35.  For 
convenience,  the  conclusions  are  repeated  on  page  68  in  tabular  form. 

The  first  step  in  the  reasonable  selection  of  type  is  to  classify  the 
roads  on  the  basis  of  probable  traffic  after  improvement,  in  some  such 
manner  as  outlined  in  Table  9.  For  reconstruction,  this  is  a  simple 
matter  based  on  careful  traffic  census  results.  For  original  improve- 
ment, the  most  reliable  basis  for  such  a  classification  is  a  general  study  of 
the  district  considering  the  natural  traffic  lines,  industries  using  road 
haulage,  summer  resorts,  etc.  A  traffic  census  has  a  very  limited  value 
for,  purposes  of  classification  when  it  is  applied  to  uncompleted 
road  systems;  this  was  discussed  in  considerable  detail  in  the  first  book  of 
the  series.  The  classification  of  roads  as  state  routes,  national  routes, 
etc.,  has  no  value  whatever  as  far  as  pavement  type  selection  is  concerned 
as  different  parts  of  such  routes  are  subject  to  a  wide  range  in  the  char- 
acter of  traffic.  An  example  of  a  traffic  classification  is  shown  in  the 
frontispiece  map  which  was  explained  in  Chap.  I,  page  49.  As  each  road 
comes  up  for  improvement,  an  examination  of  such  a  map  determines  at  a 
glance  the  general  classification  of  the  proposed  road  and  definitely 
establishes  what  types  of  pavement  can  be  considered  for  more  detailed 
comparative  estimates  of  cost.  A  definite  example  of  this  procedure  as 
applied  to  design  practice  is  given  on  pages  153  and  159. 
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Table  9. — General  Suitability  of  Types 


Class  I  roads 

Class  II  roads 

Class  III  roads 

Class  IV  roads 

Special  service  roads, 

Ordinary     mixed 

Ordinary     mixed 

Local     traffic     less 

2,000  or  more  vehi- 

traffic, 800  to  2,000 

traffic,  300  to  800 

than   300   vehicler 

cles  daily.   (10-hour 

vehicles  daily. 

vehicles  daily. 

daily.       (10-hous 

count  in  summer.) 

(10-hour  count  in 

(10-hour  count  in 

count  in  summer.) 

summer.) 

summer.) 

Asphalt  block  on  con- 

Bituminous^     con- 

Bituminous macad- 

Macadam   (oiled) 

crete  base. 

cretes   on  old  firm 

am. 

Gravel  (oiled) 

Brick   block   on    con- 

macadam base. 

Waterbound  macad- 

Sand   clay    in    dis- 

crete base. 

Small^    block    pave- 

am (oiled). 

tricts    not   subject 

Bituminous     concrete 

ments  with  flexible 

Bituminous  gravel. 

to  severe  winters. 

on  concrete  base. 

joint  filler  on  old 

Gravel  (oiled). 

Reinforced  cement  con- 

firm   macadam 

crete. 

base. 

Stone^  block  on  con- 

Reinforced  cement 

crete  base. 

concrete. 
Penetration  bituin in- 
cus macadam. 

Widths  of  Pavement  ^  (in  Feet) 


18  to  20 
with  additional  width 
of  macadam  shoul- 
ders. 


15  to  18 

with    additional 

stone  shoulders. 


8  to  12 


^  The  use  of  these  types  on  newly  built  macadam  is  not  safe  practice. 
2  Extra  width  on  sharp  curves. 
'  Special  conditions  only. 

Value  of  Comparative  Construction  Cost  Estimates. — Careful  com- 
parative cost  estimates  have  a  well  defined  practical  value  if  common 
sense  is  used  in  their  application.  In  a  great  many  cases  these  estimates 
are  carelessly  made  under  stress  of  a  time  limitation  and  sometimes  they 
are  purposely  misleading  in  order  to  give  an  apparent  advantage  to  certain 
types.  For  these  reasons  they  are  often  considered  as  a  joke  and  serve 
to  illustrate  the  old  saying  that  "Figures  don't  he  but  liars  will  figure." 
The  practical  value  of  comparative  estimates  has,  however,  been  amply 
proved  even  when  handicapped  by  political  interference.  In  laying 
out  a  season's  program  of  contracts,  the  responsible  executive  can  list 
the  results  of  such  estimates  and  have  available  for  reference  the  roads 
and  mileage  on  which  it  is  desirable  from  an  engineering  standpoint  to 
use  macadam,  concrete,  asphalt,  brick,  etc.  If  for  any  reason  the 
administration  is  more  or  less  committed  to  a  distribution  of  patronage 
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and  desires  to  throw  certain  percentages  to  the  various  types,  this 
distribution  can  be  made  with  the  least  harmful  violation  of  sound 
design  by  following  as  closely  as  practicable  the  listing  prepared.  As  a 
matter  of  fact,  an  engineering  classification  of  this  kind  is  the  safest 
basis  for  patronage  distribution  as  it  is  defensible  and  results  in  the 
use  of  practically  all  available  materials  as  different  types  of  pavement 
can  be  used  to  advantage  under  different  conditions.  A  policy  of  uniform 
one-type  design  is  most  certainly  to  be  avoided  as  it  is  dangerous  pro- 
cedure and  poor  poHcy  from  all  angles. 

Comparative  estimates  of  cost  of  different  rigid  pavements  or  differ- 
ent flexible  pavements  can  be  made  without  much  difficulty  but  the 
comparison  of  rigid  types  with  the  flexible  types  in  a  more  difficult  matter. 
Such  comparisons  require  designs  of  equal  strength  and  the  assignment 
of   reasonable   maintenance    and   renewal    costs  to  the  different  types. 


---PO-foFP---, 
-/7'/0/S- 


1 


k-  - '--  Pavemeni-Praper --^ 


k-^--: 


Shne  or  Gravel 
Shoulder 


Rigid  Pavemen+s^ Class  U  Roads 


-20 h2?  ''^VSione  or  Gravel 

<-  -  -IS't-o f&' H       •'    Shoulder 

■<--Pavemenl  Proper^ --i\ 
Macadam  Pavemen-(-s,ClassII  Roads 
Fig.   23. — Comparative  widths  Class  II  traffic. 


Probably  no  two  engineers  will  agree  on  equal  strength  or  the  relative 
cost  of  maintenance  and  renewal  but  the  range  of  disagreement  is  not 
extreme  and  average  values  are  probably  quite  close  to  the  truth.  It  is 
certainly  desirable  to  formulate  a  tentative  basis  of  comparison. 

Comparative  first  costs  depend  on  pavement  widths,  strength  and 
unit  costs. 

Comparative  Pavement  Widths. — Where  all  the  pavements  compared 
are  either  of  the  rigid  type  or  of  the  flexible  type,  the  widths  are  the  same 
for  each  pavement.  Where  rigid  pavements  are  compared  with  the 
flexible  type  on  Class  I  roads,  the  width  remains  the  same  as  convenience 
in  passing  governs  design.  Where  rigid  pavements  are  compared  with 
flexible  macadam  for  the  same  Class  II  or  III  road,  it  is  proper  to  use  less 
width  for  the  macadam  pavement  proper  than  for  the  rigid  pavement 
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provided  gravel  or  stone  shoulders  of  equal  out-to-out  width  are  used 
(see  Fig.  23).  This  is  based  on  the  fact  that  dangerous  ruts  are  more 
likely  to  develop  along  the  edges  of  rigid  pavements  than  where  macadam 
is  used  and  also  because  the  cost  of  maintenance  is  high  along  the  dividing 
line  where  traffic  continually  passes  from  rigid  to  flexible  support.  It  is 
desirable  to  keep  most  of  the  traffic  on  the  pavement  proper  where  the 
rigid  type  is  used  which  makes  extra  width  necessary. 

The  widths  given  in  Table  10  are  considered  reasonable  for  compara- 
tive estimates.  Extra  widths  used  on  curves  are  shown  in  Table  lOA 
and  lOB. 


Fig.  24. — Typical  shoulder  ruts  along  edge  ul  iigiil  |ia\  (iiicni  mi  lu':i\y  traffic  road.     This 
is  Road  5  New  York  State  carrying  5,000  vehicles  daily  (12-hour  count). 


Table  10. — Comparative  Widths  (in  Feet) 


Rigid  pavements                                      Macadam  or  gravel 

Class  of  road 

Pavement 
proper 

Out-to-out  width 
armored  shoulders 

Pavement 
proper 

Out-to-out  width 
armored  shoulders 

Class  I 

Class  II 

18'-20' 

17'-18' 

16' 

22'-24' 
20'-22' 

18'-20' 
15'-16' 

22'-24' 
20'-22' 

Class  III 

16' 

12'-16' 
8'-12' 

16' 

Class  IV 
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NOTE '.  Lcngi-h  of  iangcni-         %^ 
runoff  is  approximaf^lii  O 

20  X.  Aaldiiional  Widi-h  infest      ^ 


Center  of 
Circular  Curve 


Table  lOA. — Class  I  Traffic  (Sharp  Curves) 


Radius  of  road  center  line 

Total 

pavement  width 

Length  tangent  runoff 

in  feet 

in  feet 

in  feet 

100 

25 

100 

150 

24 

90 

200 

23 

90 

300 

[22 

80 

400 

22 

80 

500 

- 

21 

70 

600 

21 

70 

Note. — Normal  pavement  widths  of  18  to  20  ft.  used  on  all  curves  having  a  radius 
greater  than  600  ft. 

Table  lOB. — Class  II  and  III  Traffic  (Sharp  Curves) 


Total  pavement  width  on 

Radius  of  road  center  line, 

curves  for  a  double  track 

Length  tangent  runoff 

in  feet 

road  (local  service) 
in  feet 

in  feet 

50 
75 
100 
150 
200 
300 
400 
500 
600 


100 
100 
100 
90 
90 
80 
80 
70 
50 


Note. — Normal  pavement  width  (15  to  18  ft.)  used  on  all  curves  having  a  radius 
greater  than  600  ft. 
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Pavement  Strength. — Pavement  strength  depends  on  the  type,  soils 
and  thickness.  The  design  of  strength  considers  traffic  loads,  the  sup- 
porting power  of  the  underlying  foundation  soil  and  the  manner  in 
which  the  pavement  transmits  the  load  to  the  foundation  soil.  Pave- 
ment design  need  not  provide  for  anj^thing  like  as  large  a  factor  of  safety 
as  used  for  bridges  or  buildings  for  human  hfe  is  not  endangered  by 
pavement  failure.  As  a  matter  of  fact,  if  a  small  percentage  of  any 
extended  mileage  of  pavement  does  not  fail,  it  indicates  that  the  roads 
were  over  designed  and  that  too  much  was  spent  to  insure  against 
minor  repair. 

Value  and  Limitations  of  Theoretical  Design. — The  observed  action 
of  roads  under  actual  traffic  tests  is  the  most  reliable  basis  for  the  deter- 
mination of  strength.  While  customary  local  practice  affords  some  help 
in  this  matter,  it  is  not  in  all  cases  entirely  convincing  for  a  number  of 
reasons.  The  limitation  of  funds  tends  to  keep  the  design  of  strength 
to  a  minimum  and  in  some  cases  it  is  carried  to  a  dangerous  minimum. 
In  localities  where  the  modern  road  systems  are  in  the  first  stage  of 
construction,  current  practice  is  not  always  based  on  very  extensive 
traffic  evidence.  In  some  districts,  material  propaganda  has  had 
considerable  effect  on  state  standards,  and  such  influence  is  not 
always  based  on  engineering  requirements.  It  is  therefore  just  as  well 
to  outline  the  problem  from  a  theoretical  standpoint  and  then  make 
modifications  that  seem  to  be  necessary  to  coordinate  theory  with 
actual  road  conditions. 

A  theoretical  analysis  is  of  distinct  advantage  to  the  student  as  it 
separates  the  general  problem  into  factors,  investigates  each  factor  and 
then  attempts  to  formulate  the  conclusions.  In  this  way  he  gets  a 
definite  idea  of  the  problem.  The  value  of  formulated  theory  to  the 
practicing  engineer  lies  in  consistent  designs  and  in  providing  a  means 
whereby  he  has  some  basis  of  estimating  the  effect  of  proposed  changes 
in  statuatory  load  limitations  on  construction  costs.  It  is  well  to  bear 
in  mind  that  pavement  formulae  are  largely  mathematical  expressions 
of  hmited  experiment  coordinated  by  experience,  and  that  judgment 
must  be  used  in  their  application;  the  danger  of  a  formula  lies  in  its 
appearance  of  exactness;  its  successful  use  depends  on  good  judgment  in 
assigning  values  to  the  more  or  less  indeterminate  variables.  For  these 
reasons  an  approximate  theoretical  discussion  has  been  developed  fol- 
lowed by  examples  of  current  pavement  practice  which  are  in  turn 
modified  by  recommended  practice  which  shows  the  trend  of  design  and 
gives  rational  results  under  actual  tests  of  traffic. 

Fundamentals  of  Pavement  Design. — Before  developing  the  detail 
discussion  of  the  various  factors  in  design,  is  it,  perhaps,  just  as  well  to 
outhne  the  fundamental  differences  between  flexible  pavement  and  rigid 
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pavement  design;  it  will  be  noted  that  each  type  has  certain  well-defined 
advantages. 

Utilization  of  Subgrade  Support. — Macadam  or  flexible  base  pave- 
ments move  in  conjunction  with  and  stay  in  contact  with  the  underlying 
earth  subgrade.  If  unequal  settlement  of  the  subgrade  occurs,  the 
surface  becomes  uneven  under  traffic  action  but  continues  to  transmit 
the  wheel  loads  directly  to  the  underlying  subgrade.  These  surface 
inequalities  can  be  easily  and  cheaply  repaired  without  destroying  the 
effectiveness  of  the  underlying  pavement.  If  large  areas  settle  the  pave- 
ment follows  the  movement  without  any  particular  loss  of  effectiveness. 
Macadam  design  is  based  on  the  principle  of  utilizing  subgrade  support 
at  all  points.  The  pavement  thicknesses  are  varied  to  produce  the  maximum 
allowable  pressure  on  the  subgrade  and  in  this  way  utilize  the  full  supporting 
value  of  the  subgrade. 

Rigid  pavements  do  not  conform  to  the  settlement  of  the  subgrade. 
They  bridge  over  small  areas  where  the  underlying  soil  has  settled  and 
they  fail  entirely  where  large  areas  settle  unevenly.  Rigid  pavement 
design  is  predicated  on  the  lack  of  soil  support  for  small  areas.  The 
pavements  are  designed  to  bridge  over  small  areas  by  means  of  their  slab 
or  beam  action  (as  this  is  the  main  advantage  of  the  type)  but  it  is  prohibitive 
in  cost  to  apply  this  method  of  design  for  large  areas  of  settlement.  Rigid 
pavement  design  cannot  utilize  soil  support  to  its  full  value.  That  is,  a 
rigid  pavement  strong  enough  to  bridge  over  small  areas  of  no  support 
has  a  needlessly  high  distributing  power  (even  on  poor  soils)  where  the 
pavement  is  in  actual  contact  with  the  subgrade. 

The  frequency  or  size  of  the  small  areas  of  no  support  seem  to  have 
very  little  relation  to  the  relative  normal  supporting  power  of  different 
subgrade  soils  within  the  usual  range  of  foundation  soils.  These  small 
areas  of  no  support  are  due  more  to  non  uniformity  of  the  subgrade, 
warping  of  the  slabs  due  to  temperature,  and  to  construction  imperfec- 
tions rather  than  to  low  general  supporting  power  of  the  soil.  Some 
increase  in  rigid  pavement  strength  is  desirable  on  clay  as  compared  with 
sand  support  but  it  certainly  is  not  inversely  proportional  to  the  support- 
ing power  of  the  subgrade  soils. 

The  practical  efTect  of  this  fundamental  difference  is  shown  by  the 
wide  range  in  depth  required  for  macadam  roads  on  different  soils  as 
compared  with  the  small  required  range  in  strength  of  rigid  pavements 
laid  on  these  same  varying  soils. 

From  the  standpoint  of  comparative  construction  costs,  macadam 
generally  has  a  distinct  advantage  over  rigid  pavements  where  the  sub- 
grade  supporting  power  is  high,  which  permits  relatively  thin  macadam 
construction.  It  loses  this  advantage  as  the  soils  become  poorer  in 
supporting  power,  necessitating  a  large  increase  in  macadam  depth  as 
against  a  small  increase  in  rigid  pavement  strength.     However,  when 


74  RURAL  HIGHWAY  PAVEMENTS 

we  reach  a  really  unstable  soil  where  settlement  occurs  over  large  areas, 
a  rigid  pavement  is  not  feasible  without  the  use  of  underlying  macadam 
base  and  the  macadam  type  regains  its  advantage. 

Tabulation  Showing  Approximate  Effect  of  Foundation  Soils  on  the  Relative 

Construction  Costs  of  Typical  Bituminous  Macadam  and  Cement 

Concrete  Pavements  under  Class  II  Traffic 


Foundation  soil 


Approximate  construction  cost  per  square  yard  (1922) 


Bituminous  macadam 


Cement  concrete 


Coarse  sand  and  gravel .  .  .  . 

Loams , 

Clays    (ordinary) 

Wet  clay  sand  quicksand. 


$2.00 

$2 .  30 

$2.60  to  $3.40 


$2.80 

$2 .  90 

$3 .  00  to  $3 .  20 


,00  to  $3.80  $3.60  to  $4.00 


Effect  of  Temperature  and  Frost. — Changes  in  ternperature,  except 
freezing,  have  no  effect  on  macadam  pavemerit  design. 

Changes  in  temperature  must  he  considered  in  rigid  pavement  design  as 
they  produce  internal  stresses  resulting  in  contraction  cracks  and  "blow  ups, " 
and  produce  warping  which  results  in  lack  of  uniform  soil  support  for  the 
slabs. 

Frost  heave  very  materially  reduces  the  distributing  power  of  macadam 
pavements  for  a  short  time  in  the  spring  by  breaking  the  tight 
internal  lock  and  it  is  at  this  time  that  most  macadam  failures  occur  as 
the  subgrade  is  at  its  worst  at  the  same  time  that  the  pavement  has  the 
least  distributing  power.  That  is,  in  order  to  prevent  failures  entirely  for  a 
short  time  in  the  spring,  macadam  must  be  designed  needlessly  thick  consider- 
ing its  distributing  power  for  the  balance  of  the  year.  It  is  prohibitive  in  cost 
to  design  for  this  extreme  combination  of  unfavorable  conditions  under 
heavy  traffic  on  poor  soils  and  in  practice  reasonably  safe  depth  is  pro- 
vided with  the  idea  of  minor  repair  and  some  restriction  on  heavy  loads 
for  a  short  time  in  the  spring. 

Temperature  changes  do  not  affect  the  internal  resisting  moment  of 
rigid  pavements  which  is  constant  the  year  round  but  temperature 
changes  produce  slab  distortion,  cracks,  etc.,  which  increase  the  normal 
stress  in  the  pavement.  The  effect  of  temperature  must  always  be  con- 
sidered in  rigid  pavement  design. 

Effect  of  Traffic  Loads. — Occasional  extremely  heavy  loads  far  above 
the  normal  vehicle  load  are  not  disastrous  to  the  macadam  type  as  this 
type  of  road  is  more  or  less  self  healing  and  knits  together  again  under 
rolling  or  well  distributed  normal  load  traffic.  That  is,  macadam  roads 
can  be  safely  designed  for  the  normal  maximum  vehicle  load. 

If  a  rigid  pavement  slab  is  cracked  by  exceptionally  heavy  loads,  this 
crack  is  not  self  healing  and  it  is  very  difficult  to  replace  a  portion  of  a 
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slab  and  get  reasonable  bond  with  the  adjacent  pavement.  That  is, 
rigid  'pavement  design  must  consider  the  exceptional  load. 

This  general  fact  tends  to  warrant  a  difference  in  design  loading  for 
the  two  types  of  pavement. 

The  Effect  of  the  Critical  Location  of  Loads. — Critical  loading  will  be 
discussed  in  detail  later.  At  this  point  we  will  anticipate  the  discussion 
by  stating  general  conclusions  in  order  to  complete  the  comparison  of  the 
differences  in  design  fundamentals.  The  location  of  wheel  loads  on 
macadam  pavements  which  cause  the  worst  distribution  of  pressure  to  the 
subgrade  is  along  the  edge  of  the  macadam;  at  this  location  part  of  the 
distributing  value  of  the  macadam  is  lost;  this  does  not  have  much  effect 
where  the  shoulder  is  a  well  consolidated  gravelly  soil  but  for  shifting 
sand  or  wet  clays  it  helps  cause  the  formation  of  a  shallow  rut  along  the 
edge  on  heavy  traffic  roads  carrying  a  continuous  double  line  of  traffic 
(see  Fig.  25).  This,  however  only  applies  to  Class  I  traffic  roads  and 
need  not  be  considered  in  the  design  of  Class  II,  III  and  IV  roads  as  on 
these  roads  there  are  few  cases  where  heavily  loaded  wheels  follow  close 
to  the  edge  continuously  enough  to  cause  trouble.  There  is  not  much 
probabiHty  of  adjacent  wheel  loads  of  passing  rigs  being  close  enough 
together  to  cause  critical  loads  continuously  in  the  central  part  of  the  road. 

I     Shallow  Puf 


[^ /e'lois' >l 

Macadam  Pavemenf 
Fig.  25. — Typical  shallow  ruts  along  edge  of  Class  I  traffic  macadam  pavement. 

Flexible  base  pavements  on  Class  I  roads  ynust  consider  the  critical  location 
of  load.  Macadam  pavements  on  Class  II,  III  and  IV  roads  are  designed 
for  the  normal  wheel  load  location. 

On  rigid  pavements  the  critical  location  of  wheel  loads  is  at  the  corners 
of  slabs.  Such  corners  occur  both  at  the  pavement  edge  or  at  internal 
points  due  to  longitudinal  joints  or  temperature  cracks  (see  Fig.  41,  page 
104).  Wheel  loads  at  critical  points  occur  quite  continuously  at  internal 
corners  and  with  moderate  frequency  at  outside  corners  on  heavy  traffic 
roads.  Rigid  pavement  design  is  predicated  on  utilizing  critical  load 
location  in  designing  strength. 

Effect  of  Future  Resurfacings  on  Strength  Factor  of  Safety. — The 
strength  of  a  macadam  road  can  be  increased  at  any  time  by  the  con- 
struction of  a  new  top  course  on  the  old  road.  The  distributing  power  of 
macadam  varies  about  as  the  square  of  the  depth  and  it  makes  no  differ- 
ence whether  the  different  layers  are  constructed  at  the  same  time  or  at 
intervals.  This  means  that  if  at  any  time  the  loading  on  a  macadam  road 
increases  or  if  the  original  construction  proves  too  weak  for  increasing 
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traffic  that  the  pavement  can  be  strengthened  without  much  loss  in  total 
final  cost.  This  warrants  using  a  low  factor  of  safety  in  original  strength 
design. 

While  the  resurfacing  of  rigid  slabs  adds  something  to  their  strength, 
the  construction  of  successive  layers  is  not  an  effective  way  to  increase 
beam  or  slab  strength.  Rigid  slabs  must  be  originally  constructed  at 
least  amply  strong  for  existing  traffic  and  some  provision  may  well  be 
made  for  heavier  future  traffic.  That  is,  the  factor  of  safety  should  be 
somewhat  higher  than  for  macadam  design. 


Fig.  2G. — Tjpical  corner  crack,  plain  concrete  pavement.  This  pa\i'iiiiiii  i>  an  S-in., 
depth  1:  l3'2-  "^  cement  concrete  on  sandy  soil.  It  carries  a  large  volume  ut  heavy  gravel 
trucks  loaded  to  the  maximum  legal  limit  of  28,000  lb.  gross  weight. 

Effect  of  Construction  Imperfections. — The  strength  of  pavements 
depends  largely  on  the  excellence  of  construction  and  some  allowance 
must  be  made  in  design  for  common  imperfections. 

Macadam  is  less  damaged  by  careless  manipulation  than  rigid  pave- 
ments. The  settlement  of  new  fills  causes  more  cracking  of  rigid  pave- 
ments than  any  other  factor. 

SUMMARY  OF  FUNDAMENTAL  FACTORS  IN  DESIGN 


Macadam  Types 

1.  Soil  support  is  utilized  at  all  points. 

2.  Full  soil  support  can  be  utilized. 

3.  The  soil  support  used  must  be  lowest 

value  considering  seasonal  variation. 

4.  Macadam  strength  varies  at  different 

times. 


RujiD  Types 

1.  Soil  support  cannot  be  utilized  at  all 

points. 

2.  Full  soil  support  cannot  be  utilized. 

3.  Seasonal  variation  of  soil  supporting 

power  has  only  a  minor  effect. 

4.  Rigid  slab  strength  is  constant. 
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SUMMARY  OF  FUNDAMENTAL  FACTORS  IN  BESIGJa^Continucd 
Macadam  Types  Rigid  Typeb 

5.  Occasional  excessive  loads  need  not  be     5.  Occasional    excessive    loads    must    be 

considered.  considered. 

6.  The  special  location  of  loads  need  only     6.  The   special   location    of   loads    must 

be  considered  in  a  few  cases.  always  be  considered. 

7.  Temperature  stresses  need  not  be  con-     7.  Temperature    stresses    must    be    con- 

sidered, sidered. 

8.  A  comparatively  low  factor  of  safety  is     8.  A    fairly    liberal    factor    of    safety    is 

warranted.  necessary. 

9.  Rigid  pavements  composed  of  separate 
concrete  base  and  resilient  surface 
courses  reduce  impact  damage  and 
warping  due  to  daily  temperature 
fluctuations  and  increase  wheel  load 
distribution  over  base  cracks. 

If  the  design  of  either  macadam  or  rigid  pavements  provided  for  the 
most  extreme  combination  of  unfavorable  conditions  for  every  factor 
involved,  the  pavement  would  be  prohibitive  in  cost.  It  is  apparently 
sound  policy  to  provide  for  probable  combinations  of  unfavorable  condi- 
tions and  plan  on  minor  repair  for  a  small  percentage  of  failure.  Reason- 
able design  hinges  on  the  assignment  of  proper  values  for  the  various 
factors  of  wheel  load,  supporting  power  of  soils,  distributing  power  of 
macadam  pavements  and  slab  strength  for  rigid  pavements. 
/  Traffic  Loads. — The  maximum  loading  on  pavements  is  produced  by 
the  modern  commercial  truck  traveling  at  high  speed.  Horse-drawn 
farm  vehicles  and  the  ordinary  passenger  automobile  can  be  disregarded 
as  far  as  the  load  factor  is  concerned.  Even  mihtary  field  ordinance 
loads  are  no  more  severe  than  the  commercial  truck  loading. 

Statutory  limitations  on  load,  speed  and  various  other  factors 
are  necessary  to  insure  against  the  needless  destruction  of  pave- 
ments. Existing  statutes  limit  vehicle  gross  load,  axle  load,  wheel 
load,  load  per  lineal  inch  of  tire  width  and  speed.  Such  statutes  may 
well  be  broadened  to  include  limitation  of  the  use  of  heavy  trucks  to 
Class  I  and  II  roads  and  also  various  factors  in  truck  operation  which 
increase  impact  such  as  badly  worn  tires,  spring  equipment,  etc.  While 
local  statutes  vary,  the  essential  features  have  been  standardized  by 
common  agreement  to  approximately  the  following  values  (1923  for 
Commercial  Highways) : 

Maximum  gross  weight  22,000  to  28,000  lb. 

Maximum  wheel  load  8,000  to  10,000  lb.     (Weight  at  rest.) 

Maximum  load  per  inch  width  of  tire  600  to  800  lb. 
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Fig.  27. — Excessive  traffic  loading. 


Fig.  28. — Normal  heavy  traffic. 
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Limitations  of  Truck  Loads  on  Highways  (1923) 

Maximi'm  Gross  Weight 
State  in  Lbs.  (4  Wheels) 

Alabama 20,000 

California 30,000 

Colorado 16,000 

Connecticut 25,000 

Delaware 22,000 

Florida 16,000 

Indiana 24,000 

Illinois 32,000 

Iowa 20,000 

Maine 20,000 

Maryland 20,000 

Minnesota 28,000 

Nevada 25,000 

New  Hampshire 20,000 

New  Mexico 12,000 

New  York 28,000 

North  Carolina 15,000 

Ohio. 20,000 

Oregon 22,000 

Pennsylvania 26,000 

South  Dakota 20,000 

Tennessee 20,000 

Texas 22,000 

Utah 20,000 

Vermont 12,500 

Virginia 20,000 

Washington 24,000 

Wyoming 25,000 

The  Pennsylvania  (1921)  Law  is  representative  of  the  usual  solid  tire 
truck  speed  regulations. 


Class 


Gross  load,  pounds        j      Speed,  miles  per  hour 


AA  7,000                   I  20 

A  11,000  20 

B  15,000  18 

C  20,000  15 

D  ;                   24,000  15 

E  26,000  12 

F  I                   26,000  10 


These  legal  load  limitations  do  not  represent  design  loads  as  impact 
increases  the  static  load  of  a  truck  at  rest.  For  well  maintained  moder- 
ately smooth  pavements,  however,  the  effect  of  impact  does  not  probably 
add  over  25  per  cent  to  the  static  wheel  load  at  rest  for  the  larger  trucks 
travelling  at  legal  speeds  (see  Table  11,  U.  S.  Bureau  of  Pubhc  Roads 
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Table  11. — Impact  Caused  by  Different  Motor  Trucks 
U.  S.  Bureau  of  Public  Roads 


Rated     i 

capacity  i 

Load,  1 

Load  on  one  rear  wheel 

i 
1 

Equivalent  static  load  for 
different  heights  of  fall 

of  truck, 

tons 

tons 

■ 

Total 

Sprung 

Unsprung 

i 

0 

H  in.i 

1  in. 

IH 

13^ 

3,475 

2,410 

1,065 

5,500 

7,800 

10,200 

I'A 

13^ 

3,475 

2,410 

1,065 

4,500 

6,300 

11,500 

13^ 

2>i 

4,240 

3,175 

1,065 

4,700 

10,000 

16,000 

1^ 

234 

4,240 

3,175 

1,065 

4,900 

5,900 

9,200 

2 

2 

4,300 

3,300 

1,000 

6,800 

7,800 

11,500 

2 

2 

4,300 

3,300 

1,000 

6,800 

8,500 

13,400 

2 

2 

4,300 

3,300 

1,000 

6,800 

7,900 

11,000 

2 

2 

4,300 

3,300 

1,000 

6,800 

7,500 

11,000 

2 

3 

4,900 

3,900 

1,000 

7,200 

8,500 

14,000 

2 

3 

4,900 

3,900 

1,000 

7,300 

8,600 

13,700 

2 

3 

4,900 

3,900 

1,000 

6,800 

8,000 

11,000 

3-3^ 

23^ 

5,150 

3,450 

1,700 

8,400 

9,200 

15,700 

3-31^ 

23-2 

5,150 

3,450 

1,700 

8,200 

8,700 

11,800 

3-3  M 

2K 

5,150 

3,450 

1,700 

8,200 

9,300 

14,100 

3-3  J^ 

23^ 

5,150 

3,450 

1,700 

6,900 

9,200 

21,500 

3-3M 

2y2 

5,150 

3,450 

1,700 

8,000 

8,200 

12,200 

3-33-^ 

23^ 

5,150 

3,450 

1,700 

8,700 

8,200 

13,000 

3-3 1^ 

43^^ 

7,000 

5,300 

1,700 

10,000 

19,000 

3-3>2 

43^2^ 

7,000 

5,300 

1,700 

9,700 

9,700 

19,000 

3-3K 

43^ 

7,000 

5,300 

1,700 

9,300 

9,800 

17,700 

3-3  K 

43^ 

7,000 

5,300 

1,700 

9,200 

11,000 

17,200 

3-33.^ 

43^ 

7,000 

5,300 

1,700 

10,000 

10,000 

18,000 

3-3  >^ 

4K 

7,000 

5,300 

1,700 

10,000 

11,000 

15,800 

5 

5 

7,900 

5,950 

1,950 

11,000 

12,800 

18, -000 

5 

5 

7,900 

5,950 

1,950 

11,000 

12,500 

19,000 

5 

5 

7,900 

5,950 

1,950 

9,000 

10,000 

16,000 

5 

5 

7,900 

5,950 

1,950 

9,200 

10,700 

15,500 

5 

5 

7,900 

5,950 

1,950 

9,200 

9,700 

13,000 

5 

5 

7,900 

5,950 

1,950 

9,500 

15,000 

5 

73^ 

10,600 

8,650 

1,950 

12,200 

15,300 

26,000 

5 

7^ 

10,600 

8,650 

1,950 

12,000 

13,700 

21,000 

5 

73^ 

10,600 

8,650 

1,950 

11,500 

12,500 

18,500 

5 

73^ 

10,600 

8,650 

1,950 

11,500 

12,600 

17,200 

5 

73^ 

10,600 

8,650 

1,950 

11,000 

11,200 

16,800 

5 

7>2^ 

10,600 

8,650 

1,950 

11,200 

12,100 

15,800 

1  The  3^^-in.  column  is  assumed  to  represent  probable  impact  on  well  maintained 
roads.     See  also  page  150,  Vialog  Records. 
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Impact  Tests).  For  the  smaller  solid  tire  trucks  at  higher  speeds, 
it  may  add  100  per  cent.  For  pneumatic  tire  trucks,  it  does  not  probably 
exceed  10  per  cent  on  the  average.  The  tests  recorded  some  cases  of  400 
to  500  per  cent  increase  due  to  impact,  but  these  represented  conditions 
of  roughness  that  would  not  occur  on  well-kept  pavements.  The 
extreme  loads  resulting  from  impact  on  rough  surfaces  emphasize  the 
necessity  for  the  construction  of  reasonably  smooth  pavements  properly 
maintained.  It  would  be  im-pradicable  to  design  pavements  on  the  basis 
of  high  impact  stresses.  Attention  should  be  concentrated  on  the  reduc- 
tion of  impact  to  the  minimum  feasible  amount  which  is  assumed  to  be 
represented  by  the  }i-  in.  column  of  Table  11  for  the  smoother  pavements 
such  as  modern  macadams,  sheet  asphalt,  grouted  brick  and  concrete 
and  a  somewhat  higher  value  for  the  rougher  types  such  as  stone  block, 
brick  with  bituminous  filler,  etc.  Vialog  records  discussed  on  page  150 
indicate  that  the  3'i-in.  impact  is  a  reasonable  basis  of  design. 

The  tractive  effort  of  mechanically  propelled  vehicles  is  a  surface 
shearing  force  and  can  be  disregarded  in  deriving  design  loads  for  pave- 
ment strength  formulae.  It  has  some  effect  in  producing  humps  and 
hollows  in  asphaltic  concrete  and  bituminous  macadam  surfaces  and  prob- 
ably hastens  disintegration  of  bond  between  poorly  bound  block  surfaces. 

Recommended  Design  Loads. — It  seems  rational  to  recognize  at  least 
two  load  classifications  due  to  general  character  of  traffic  and  also  varia- 
tions due  to  pavement  surfaces. 

Class  I  and  II  Main  Roads. — These  roads  should  be  designed  for  the 
heaviest  commercial  trucks  permitted  by  law.  It  is  probable  that  a 
design  wheel  load  of  14,000  lb.  (11,000  lb.  static  plus  3,000  lb.  impact) 
distributed  over  a  12-in.  tire  width  represents  about  the  maximum  load 
produced  by  present  day  heavy  traffic  operating  at  legal  speeds  on  well- 
maintained  rigid  pavements  such  as  cement  concrete,  monolothic  or 
semi-monolithic  brick  with  cement  grout  joints  on  concrete  base,  etc. 
Pavements  having  a  surface  or  base  which  has  some  flexibility  and  resili- 
ency are  undoubtedly  less  damaged  by  impact  than  the  more  rigid  types. 
How  much  weight  can  be  given  to  this  in  design  is  not  known  but  in 
order  to  recognize  this  factor  it  is  well  to  adopt  a  slightly  lower  value  than 
shown  in  Table  11.  Twelve-thousand  pounds  on  a  12-in.  tire  will  be 
assumed  for  bituminous  macadams,  small  blocks  with  asphaltic  joints  on 
macadam  bases  and  asphaltic  concrete  surfaces  on  either  macadam  or 
concrete  bases.  For  the  rougher  pavements  such  as  stone  block  or 
brick  with  bituminous  joints  on  concrete  bases,  a  value  of  15,000  to 
16,000  lb.  is  probably  not  excessive. 

Class  III  and  IV  Local  Roads.  {Macadam  Design). — For  these  roads 
a  lower  design  load  is  logical.  A  total  of  9,000  lb.  (5,000  lb.  static  plus 
4,000  lb.  impact)  on  a  10-in.  tire  is  liberal  and  a  design  allowance  of 
7,000  lb.  on  a  10-in.  tire  width  is  probably  about  the  desirable  maxinmm 
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limit  for  purely  local  roads  carrying  less  than  300  vehicles  daily.  Class 
III  and  IV  roads  are  at  times  subjected  to  heavy  truck  Class  I  loading 
under  existing  traffic  regulation  statutes  but  it  is  probably  sound  policj'- 
to  use  the  lighter  design  loading  and  make  an  effort  to  modify  existing 
regulation  to  the  extent  of  keeping  the  heavy  trucks  off  from  these  local 
roads  particularly  in  the  spring.  While  it  is  probably  impossible  entirely 
to  prevent  heavy  trucks  from  violating  such  statutes,  an  occasional 
violation  is  not  serious  as  noted  under  general  basis  for  design  of  maca- 
dam roads,  page  74.  The  recommended  loading  permits  all  year  roiind 
use  of  the  ordinary  23^^-ton  agricultural  trucks  and  gives  sufficient 
strength  in  the  summer  season  to  permit  the  use  of  these  roads  as  tem- 
porary detours  for  heavy  traffic  at  times  when  the  main  roads  are  closed 
on  account  of  construction  or  repair. 

Table  12. — Recommended  Design  Loads 


Class  of  road 


Design  static  wheel  load  (including  impact) 


Classes  I  and  II. 


16,000  lb.  on  12-in.  tire,  rougher  types  rigid  pavements. 
14,000  lb.  on  12-in.  tire,  smooth  rigid  pavements. 
12,000  lb.  on  12-in.  tire,  resilient  pavements. 


Class  III. 


12,000  lb.  on  12-in.  tire,  rigid  pavements. 
9,000  lb.  on  10-in.  tire  width,  macadam  pavements. 


Class  IV 7,000  lb.  on  10-in.  tire  width,  macadam  pavements. 

These  concentrated  wheel  loads  must  be  transmitted  by  the  pavement 
and  applied  to  the  underlying  earth  subgrade  over  a  large  enough  area 
to  prevent  rapid  unequal  settlement  or  permanent  displacement. 

Supporting  Power  of  Soils. — Different  soils  have  a  wide  range  in 
\J  supporting  power  and  even  the  same  soil  varies  greatly  at  different  times 
due  to  moisture  content,  freezing  action  and  degree  of  consolidation. 
Road  foundation  soils  fluctuate  more  in  their  supporting  power  than  deep 
foundation  soils  for  buildings  as  they  are  near  the  surface  and  are  subject 
to  the  effect  of  rain,  frost  and  the  churning  action  of  rapidly  fluctuating 
loads. 

Pavement  design  to  be  rational  and  fairly  consistent  must  consider 
variations  in  the  supporting  power  of  the  underlying  subgrade,  but  it  can 
only  consider  such  differences  in  soil  conditions  as  are  clearly  defined.  It 
is  impracticable  to  give  much  attention  to  minor  variations;  that  is,  for  a 
specific  road,  the  supporting  power  of  soil  varies  foot  by  foot  and  even 
for  the  same  point  it  changes  at  different  times  in  the  year.  For  these 
reasons,  any  attempt  to  apply  laboratory  methods  to  rapidly  fluctuating 
subgrade  conditions  is  impracticable  to  say  the  least.     It  is  feasible  to 
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provide  changes  for  well-defined  differences  in  soil  conditions  which 
become  evident  to  an  experienced  highway  engineer  during  the  progress 
of  the  survey  and  construction.  It  is  practicable  to  eliminate  excessive 
ground  water  seepage  by  the  use  of  vuiderdrains  and  to  reduce  surface 
water  seepage  by  well-constructed  and  well-maintained  shoulders  and 
ditches  and  by  the  constant  sealing  of  cracks  in  rigid  pavements.  Even 
with  these  precautions,  water  will  work  in  from  the  shoulders  or  reach 
the  subgrade  through  cracks  in  the  pavement  and  in  this  way  temporarily 
reduce  the  supporting  power  of  the  earth  subgrade.  All  pavement  and 
foundation  design  must  be  predicated  on  the  fact  that  the  supporting 
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Note:   Aliove  Values  are  for  0.2'  Fenetratiou  aud  30  Lbs. per  Sq.In.Initial 

-Effect  of  moisture  content  on  bearing  power  of  soils.     U.  S.  Bureau  of  Roads 
testing  records. 


power  of  the  underlying  earth  will  vary  at  different  times  and  the  impor- 
tant factor  in  design  is  minimum  supporting  power  considering  all  year 
round  conditions  for  local  climatic  conditions. 

Experience  has  demonstrated  that  coarse  sands  and  gravel  do  not  vary 
much  in  supporting  power  at  different  seasons  if  protected  by  well- 
designed  drainage.  We  know  that  loams,  clays  and  fine  sands  vary 
considerably  in  supporting  power  where  they  are  located  in  cuts  or  thin 
"pancake"  fills  even  when  protected  by  well-designed  drainage  and  that 
these  same  soils  in  fills  over  3  ft.  deep  do  not  vary  much  at  differ- 
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ent  seasons  provided  the  pavement  surface  is  reasonably  waterproof  and 
the  shoulders  are  maintained  to  shed  water  rapidly.  Figure  29  shows  in  a 
general  way  the  effect  of  moisture  content  on  the  supporting  power  of 
different  soils.  Experience  has  demonstrated  that  under  normal  road 
conditions  it  is  fairly  easy  to  prevent  a  large  variation  in  the  moisture 
content  of  coarse  sand  and  gravels  and  increasingly  difficult  to  control  the 
moisture  content  of  loams,  clays  and  quicksands.  The  vertical  rise  of 
moisture  due  to  capillary  action  is  shown  in  the  attached  table.  Moisture 
content  for  road  beds  in  cut  is  reduced  by  open  ditches  and  under  drains 
but  these  methods  fail  in  effectiveness  at  times  due  to  all  sorts  of  reasons 
such  as  frozen  drains  and  shoulders,  poorly  maintained  shoulders  per- 
mitting pools  of  water  to  stand  and  seep  in  and  cracks  in  rigid  pavements. 
Where  the  road  is  in  cut  or  on  thin  fills  we  are  certain  to  get  at  times  a 
higher  moisture  content  than  where  the  roadbed  is  on  a  high  fill  which  is 
free  from  ground  water  seepage  and  above  the  limits  of  vertical  capillary 
lifting  action.  As  macadam  design  utilizes  full  suppori;  it  must  not  only 
recognize  the  difference  in  soils  hut  it  must  also  recognize  whether  the  soil  is 
in  cut  or  fill.  ^ 


Table  of  Height  to  Which  Capillary  Water  Rises  in  Different  Soils 

(Experiments  by  U.  S.  Bureau  of  Public  Roads) 

Height  in  Approx.  Final 

24  Hours  Height 

Soil  Inches  Inches 

Light  sandy  soil 14  28 

Gravelly  soil 16  32 

Decomposed  granite  (loam) 21  40 

Heavy  granite  loam 16  32 

Clay  loam 12  24 

Pure  coarse  sand 9  18 

The  percentage  of  moisture  due  to  capillarity  decreases  rapidly  with  the  height 
above  the  free  water  for  the  coarse  sandy  soils  while  it  remains  nearly  constant 
for  the  entire  range  of  vertical  capillarity  in  some  of  the  heavier  soils. 


There  seems  to  be  fair  agreement  between  widely  different  sources  as 
to  the  minimum  safe  supporting  power  of  well  compacted  subgrade  soils 
protected  by  well-designed  drainage  provisions.  The  Massachusetts 
Commission  in  1901  determined  these  values  at  25  lb.  per  square  inch  for 

1  The  fact  that  fills  reduce  required  depth  of  macadam  pavements  does  not  affect 
grade  line  design  as  the  reduction  in  cost  of  macadam  rarely  balances  the  increase  in 
grading  cost  due  to  arbitrarily  raising  the  road  by  fill.  That  is,  the  consideration  of 
pavement  depth  and  strength  never  raises  the  road  on  to  fills  except  across  low  wet 
swampy  areas.  Needless  fill  adds  danger  to  road  traffic,  always  increases  damage  to 
abutting  properties  and  is  to  be  avoided  as  much  as  possible  as  it  gives  no  adequate 
return.  Where  fills  are  necessary,  their  construction  should  be  taken  advantage  of  to 
reduce  macadam  depths  but  not  rigid  pavement  depth.  Most  rigid  pavement  troubles 
occur  on  fills  due  to  incomplete  compaction  before  the  pavement  is  constructed. 
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coarse  sand  and  gravel  and  at  4  lb.  per  square  inch  for  the  poorer  clays 
and  excessively  fine  sands.  French  experiments  quoted  in  Agg's  Con- 
struction of  Roads  and  Pavements  place  the  values  at  30  lb.  per  square 
inch  for  firm  soils  and  at  9  lb.  per  square  inch  or  less  for  the  poor  soils. 
These  values  are  for  well-compacted  soils  and  refer  to  well-rolled  sub- 
grade  soils  kept  free  from  an  excessive  moisture  content  by  a  well-designed 
drainage  system.  The  necessity  for  thorough  rolling  of  the  subgrade 
is  well  recognized.  Table  13  compares  these  values  with  the  usual  value 
assigned  to  these  soils  for  deep  building  foundations  and  illustrates  the 
radically  different  supporting  value  of  surface  and  subsurface  soils. 

Table  13. — Comparison  of  Safe  Supporting  Value  of  Surface  and  Subsurface 
Soils  in  Pounds  per  Square  Inch 


Soil 


Road  subgrade 
surface  soils 


Subsurface   building 
foundations 


Coarse  sand  and  gravel 

Poor  damp  clay  and  fine  shifty  sand 
(30  per  cent  or  more  passing  100 
sieve) 


25  to  30 


4  to    8 


60 


15 


The  values  of  intermediate  soils  and  the  effect  of  fills  are  largely  a 
matter  of  judgment  and  experience.  The  following  recommended 
values  are  based  on  the  observed  action  of  roads  in  Western  New  York 
during  the  past  15  years.  These  values  are  to  be  used  in  conjunction 
with  Formula  1,  page  91,  and  are  safe  values  for  localities  subject  to 
severe  winters.  They  can  undoubtedly  be  increased  for  locations  free 
from  frost;  no  special  values  are  given  for  such  conditions  as  the  author's 
personal  experience  does  not  warrant  assigning  values  for  other  than 
climates  similar  to  the  northeastern  Atlantic  states.  In  the  course  of 
time,  values  for  various  localities  will  become  more  or  less  standardized. 
With  this  in  view  it  is  desirable  for  the  various  Highway  Departments 
to  make  a  sj^stematic  effort  to  record  failures  and  successes  as  shown 
in  chart  form  Fig.  35,  page  96.  One  of  the  difficulties  to  overcome  in 
public  highway  work  is  the  effect  of  rapidly  changing  personnel.  If 
data  is  not  systematically  recorded,  the  value  of  experience  is  lost  and 
the  new  men  have  to  start  in  all  over  again  to  gather  data.  Up  to  date 
this  has  been  one  of  the  main  difficulties. 

It  can  be  readily  seen  that  the  classification  of  the  soils  is  largely 
a  matter  of  judgment  but  it  is  entirely  feasible  to  educate  a  beginner  very 
rapidly  to  distinguish  between  the  general  classifications  noted  in  the 
above  table.  In  the  author's  opinion  any  attempt  to  classify  subgrade 
soils  during  construction  by  laboratory  methods  is  too  costly  and  compli- 
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Table  14. — Recommended  Safe  Supporting  Power  of  Subgrade  Soils  in  Pounds 
PER  Square  Inch  for  Localities  Subject  to  Severe  Winters 

(For  Use  in  Connection  with  Formula  1.  pags  91) 

i  Location 


Soil 


In  cut  or  on 

fills  less  than 

1  ft.  deep 


Intermediate 
fills,  1  to 
3  ft.  deep 


High  fills 

over  3  ft. 

deep 


Fine  sand  (more  than  30  per  cent  passing 

100  sieve) 

Heavy  clay 

Ordinary  clay 

Clay  loam 

Loam 

Sandy  loam 

Coarse  sand 

Fine  gravel 


4  to  8 
4  to  8 
8  to  13 
13  to  17 
17  to  21 
21  to  25 
25  to  30 
25  to  30 


8  to  15 
10  to  17 
13  to  19 
17  to  20 
19  to  21 
23  to  25 
27  to  30 
27  to  30 


15 
17 
19 
20 
21 
25 
30 
30 


cated  a  process  to  have  much  practical  value.  If  the  design  of  macadam 
is  based  on  the  above  general  classifications,  the  chances  are  all  in  favor  of 
reasonably  good  results,  particularly  if  the  grading  operations  are  con- 
trolled and  the  fills  under  the  pavement  made  fairly  uniform  and  of  the 
best  available  material. 

Theoretical  Design  of  Macadam  Road  Thickness. — The  determina- 
tion of  thickness  depends  on  the  wheel  loads,  the  supporting  power  of  the 
underlying  soil  and  the  distributing  action  of  the  macadam  pavement. 
Wheel  loads  and  the  supporting  power  of  soils  have  been  determined 
within  reasonable  limits  of  accuracy.  These  determinations  are  based 
both  on  experiment  and  the  observed  action  of  macadam  pavements 
J  under  actual  traffic  which  indicates  quite  strongly  that  they  are  essentially 
correct.  It  remains  to  discuss  the  distributing  power  of  macadam  pave- 
ments and  assemble  the  factors  with  a  reasonable  factor  of  safety. 

Distributing  Action  of  Macadam,  Gravel  and  Boulder  Bases. — 
Experimental  data  in  regard  to  the  load  distribution  through  flexible 
type  bases  is  meagre.  Table  15  taken  from  Agg's  "Construction  of 
Roads  and  Pavements"  records  certain  French  data  which  is  probably 
as  reliable  as  any  investigations  which  have  been  made  up  to  this  time 
(1922).  Figures  30  and  31,  page  87,  show  recent  tests  made  by  the  United 
States  Bureau  of  Public  Roads  at  Washington. 

The  distributing  action  of  broken  stone  macadam  is  slightly  better 
than  telford  or  boulder  base.     The  distributing  action  of  well-constructed 
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gravel  courses  is  usually  as  good  if  not  better  than  boulder  base  although 
not  quite  as  effective  as  macadam.     The  distributing  power  of  all  these 
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Fig.  30. — Distribution  of  pres.sure  through  macadam  laid  on  sandy  soil.     U.  S.  Bureau  of 

Roads  experiment. 
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Fig.  31. — Distribution    of  pressure    through  macadam  pavement   clay  sub-soil. 

Bureau  of  Roads  experiment. 


U.   S. 


types  depends  on  the  excellence  of  construction  (degree  of  tight  interlock 
and  compaction)  and  for  each  type  it  will  vary  at  different  times  of  the 
year  the  least  value  occurring  in  the  spring  when  the  tight  internal  lock 
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is  reduced  by  frost  heave.  In  order  to  provide  the  proper  thickness  of 
macadam  it  is  necessary  to  determine  the  effect  of  depth  on  total  area 
of  subgrade  over  which  the  wheel  load  is  distributed  and  the  ratio  of 
maximum  intensity  of  pressure  directly  under  the  wheel  to  average 
intensity  over  the  total  area  of  subgrade  receiving  pressure. 

Table  15. — Showing  Transmission  of  Pressure  through  Macadam 

The  test  was  made  with  a  wheel  load  of  4  tons  with  a  .5'  2-in-  tire. 
On  macadam  alone: 

Thickness  of  crust,  inches 1.97      3.94       5.91       7.87     11.81  ' 

Pressure  on  subsoil,  pounds  per  square  inch  102.50     47.70     27.40     17.40       9.10 
On  telford  foundation  alone; 

Foundation  thickness,  inches 5.91       7.81     11.81 

Pressure  on  subsoil,  pounds  per  square  inch 56 .  00     37 .  40     20 .  70 

On  combined  foundation  and  macadam: 

With  foundation  thickness  of,  inches 5.91       7.87       9.84     11.81^' 

3 .  94  in.  of  top  stone,  pressure  on  subsoil,  pounds  ,  . 

per  square  inch 19.30     14.70     12.60     10.20^^ 

5.91   in.  of  top  stone,  pressure  on  subsoil,  pounds  '    / 

per  square  inch 13.20     10.90       9.10       1  .l*^  ^jl 


7.87  in.  of  top  stone,  pressure  on  subsoil,  pounds 

per  square  inch 9 .  70       8 .  20 


6.80       6.10^/1! 


The  pressure  on  the  subsoil  through  a  12-in.  bed  of  simple  macadam  is  apparently 
the  same  as  the  pressure  through  a  6-in.  bed  of  macadam  laid  over  a  10-in.  stone 
foundation.  A  good  soil  well  drained  will  safely  withstand  a  pressure  of  30  lb.  per 
square  inch. 

It  is  considered  that  poor  soil  requires  at  least  a  12-in.  macadam  layer  or  its 
equivalent. 

The  pressure  transmitted  by  well-constructed  gravel  will  be  about  the  same  as 
with  macadam  of  equal  thickness. 

Figures  30  and  31  show  that  for  a  given  depth  of  macadam  and  a 
certain  specified  load  the  maximum  intensity  of  pressure  directly  under 
the  wheel  is  greater  for  firm  soils  such  as  dry  sand  than  it  is  for  soft  sub- 
grades  such  as  wet  clay;  that  the  ratio  of  maximum  pressure  to  average 
pressure  is  greater  on  firm  soils  and  that  the  total  area  of  load  distribu- 
tion is  slightl}^  less  on  firm  soils  than  on  soft  subgrades.  This  merely 
means  that  firm  soils  offer  greater  unit  resistance  and  that  for  the  condi- 
tion of  a  certain  specified  depth  of  macadam  and  a  specified  load  the 
deflection  of  the  macadam  under  the  wheel  is  less  on  the  firm  subgrade 
than  on  the  soft  subgrade.  These  variations  in  the  law  of  pressure 
distribution  disappear  in  any  rational  formulae  for  macadam  design  for 
the  following  reasons.  A  well-designed  macadam  road  must  not  have 
much  deflection  under  a  moving  wheel  load  for  the  minute  noticable 
deflection  occurs  (so  called  churning)  the  pavement  starts  to  disintegrate 
and  either  gets  out  of  shape  rapidly  or  completely  goes  to  pieces.  Some 
deflection  is  bound  to  occur  but  the  basic  principle  of  good  design  requires 
variation  in  stone  depth  over  different  soils  so  that  the  maximum  wheel 
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load  produces  a  fairly  uniform  deflection  at  all  points.  This  deflection 
must  be  small  enough  to  prevent  churning.  If  the  road  is  properly 
designed  with  a  uniform  and  safe  deflection  the  relation  of  depth  to  distri- 
bution area  and  the  ratio  of  maximum  intensity  of  pressure  to  average 
intensity  are  not  probably  much  affected  by  the  character  of  the  subsoil. 
At  least  we  know  from  practical  experience  that  simple  empirical  formu- 
lae, which  consider  variations  in  wheel  load,  a  fairly  well  estabhshed 
relation  between  depth  and  intensity  of  pressure  on  the  subgrade  and 


JO  15  20 

Depth  of  Maeadam  in  Inches. 

Shows  distribution  through  Macadam 
Shows  distribution  through  Telford  Base 
Shows  distribution  through  Macadam  Top 
and  Telford  Base. 


Solid  curves  represents  formula 


No.I    b- 


W 


with 


W=  8000  lbs. 
T  =  5  72    inches 


Sd-+2Td 

Fig.  32. — Graphic  comparison  of  Formula  1  (solid  curve)  with  French  experiments  recorded 
in  Table  15  (plotted  by  crosses,  circles  and  dots). 

reasonable  values  for  safe  supporting  power  of  soils,  have  been  developed 
and  that  such  formulae  have  been  given  sufficiently  hard  and  long  enough 
continued  service  tests  to  warrant  their  use  as  a  basis  of  economic 
macadam  design. 

We  propose  to  use  an  old  and  simple  rule  as  the  basis  of  a  practical 
formula:  Namely  the   Massachusetts  rule   of   1901.     "The  pressure  is 
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distributed  through  macadam  and  any  ordinary  gravel  or  boulder  base 
at  an  angle  of  45°  with  the  horizontal  and  the  resultant  maximum 
intensity  of  pressure  on  the  subgrade  amounts  to  the  load  at  any  point 
divided  by  the  square  of  twice  the  depth  of  the  pavement."  While 
this  is  rather  a  rough  and  ready  rule  its  application  produces  as  good 
results  as  any  basis  of  comparison  provided  it  is  slightly  modified  to 
consider  width  of  wheel.  Formula  1  makes  such  minor  modifica- 
tions. A  comparison  of  Formula  1  with  the  French  experiments 
(Table  15)  is  shown  in  graphic  form  in  Fig.  32  and  indicates  essential 
agreement  as  far  as  practical  results  are  concerned  with  the  added  indica- 
tion that  Formula  1  is  on  the  safe  side  for  the  usual  combinations  of 
macadam  top  and  boulder  bases. 

Research  Engineers  are  not  likely  to  heartily  approve  of  this  formulae 
as  it  is  not  a  very  scientific  product  but  its  simplicity,  its  essential  agree- 
ment with  experimental  data,  and  the  excellent  results  obtained  in 
actual  construction  from  its  use  are  strong  arguments  in  its  favor. 

Basic  Assumptions  {Formula  1).  Area  Uniform  Maximum  Pressure. 
An  hypothetical  area  of  uniform  maximum  pressure  is  determined  by  a 
line  at  an  angle  of  45°  from  the  outer  limits  of  wheel  contact.  This  of 
course  does  not  represent  actual  conditions  but  it  is  on  the  safe  side. 
The  pressure  caused  by  a  wheel  load  is  not  uniformly  distributed  over 
the  subgrade  (see  Figs.  30  and  31,  page  87).  The  maximum  pressure 
occurs  directly  under  the  wheel  and  gradually  fades  away  to  nothing  at  a 
variable  distance  from  the  point  of  load.  The  assumption  used,  gives 
the  same  total  resistance  to  the  wheel  load  but  contracts  the  actual  area 
of  the  subgrade  receiving  variable  pressure  to  a  hypothetical  area  over 
which  the  maximum  pressure  occurring  directly  under  the  wheel  is 
considered  as  uniform.  The  essential  correctness  of  the  45°  limit  of  uni- 
form maximum  pressure  can  be  seen  from  Figs.  30,  31  and  32,  By  this 
means  the  value  for  safe  supporting  power  of  soils  can  be  used 
directly. 

This  area  of  maximum  uniform  pressure  depends  on  area  of  wheel 
contact  which  depends  on  width  of  tire  and  length  of  contact  along  the 
road.  The  width  of  tire  is  a  definite  dimension,  recognized  and  limited 
in  statutory  load  regulations.  The  length  of  tire  bearing  along  the 
surface  is  variable  depending  on  the  size  of  the  wheel  and  on  the  type  of 
tire  and  load.  For  steel-tired  wheels,  it  is  small,  probably  not  over  an 
inch.  For  solid-tired  heavy  commercial  trucks,  it  is  a  larger  value.  Due 
to  the  facts  that  the  steel-tire  load  is  liable  to  occur  and  that  the  length 
of  contact  is  variable  for  rubber  tires,  this  dimension  will  be  neglected 
and  knife-edge  contact  for  the  full  width  of  the  tire  will  be  used.  This 
gives  results  on  the  safe  side  and  in  effect  usually  introduces  a  factor  of 
safety  of  about  10  to  25  per  cent.  It  is  also  assumed  that  the  wheel  load 
is  far  enough  from  the  edge  of  the  pavement  to  get  full  distribution  for 
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the   entire   depth   of   pavement.     Modifications   for   edge   loading   are 
considered  in  Formula  2. 

The   formulae    for   depth  of   macadam  is   developed   on   the  basis 
outlined. 

W  =  Static  wheel  load  in  pounds  plus  impact  allowance. 
T  =  Width  of  tire  in  inches. 

d  =  Depth  of  pavement  in  inches. 

b  =  Maximum  pressure  on  subgrade  due  to  wheel  load  in  pounds 
per  square  inch. 


Assumed  Area  of 
Uniform  Maximum 
Pressure  on  Subgrade 
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Area  of  uniform  distribution  of  maximum 
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=  3.14^2  +  2dT 

=  3d^  +  2dT  for  all  practical  purposes 
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Modification  of  Formula  1  for  Special  Location  of  Wheel  Loads. — 

A  typical  maximum  load  condition  is  shown  in  Fig.  33  for  an  18-ft.  double 
track  road.  This  is  a  rare  occurrence  as  when  trucks  pass,  they  want  all 
the  clearance  they  can  get  and  they  hug  the  edge  of  road  (Fig.  33B). 


5-Ton  Truck  -J  5-Ton  Truck 
Body  7'to8  /,Sr/Bodyj'fo8' 
.  .  ..////A'YZZZJ//// 


Mm.     //,^  S.0-- 

- — T^r-T" 

k 18'   -; A 

Paverneni  24  Depi-h 

Fig.   33^. — Location  of  passing  vehicles  for  critical  load  in  center  of  macadam. 

These  sketches  indicate  roughly  that  there  is  not  much  probability 
of  enough  overlap  of  pressure  zones  from  adjacent  wheels  in  the  center  of 
a  road  to  produce  a  greater  pressure  than  the  maximum  dircetlv  under 
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the  wheel  for  ordinary  depths  of  macadam  on  ordinary  soils;  for  extreme 
depth  on  very  poor  soils  such  an  overlap  may  occur  but  it  would  require 
a  very  unusual  combination  of  unfavorable  conditions  to  make  this 
continuous  enough  to  cause  trouble. 

On  the  side  of  the  road,  however,  edge  loading  is  a  very  common  and 
continuous  condition  on  Class  I  roads  but  occurs  only  at  intervals  along 


Truck  Bodu  T^,    ,    „ 

,..T'fq8'        :]<2'h3'f,'!''^  Bod, 

-4'hS-- 


Pdvemenf  E4''Depfh 
Fig.  33i?. — Location  of  vehicles.      Critical  loading  at  edge  of  pavement. 


the  road  and  only  at  time  intervals  on  Class  II,  III  and  IV  roads.  This 
critical  condition  of  side  load  must  be  considered  if  the  macadam  type  is 
used  on  Class  I  roads.  As  previously  stated,  the  use  of  macadam  is 
inadvisable  on  Class  I  except  for  special  conditions  in  reconstruction 
programs.  Formula  1  need  not  be  modified  for  Class  II,  III  and  IV 
roads  but  probably  should  be  modified  for  Class  I  roads. 

Any  modification  is  purely  guess  work  and  is  made  more  to  point 
out  and  recognize  the  effect  of  critical  loading  on  Class  I  than  for  any 
other  reason.  Under  the  worst  possible  conditions  eliminating  all  dis- 
tributing action  by  the  shoulder  material,  the  supporting  area  may  be 
assumed  as 


2dT  ^ 


-kS} 


Say  2dT  +  \M' 


This  is  probably  entirely  too  low  a  value  and  to  approximate 
conditions  and  give  some  value  to  shoulder  support,  we  will  assume  the 
area  at 


Edge  of  Macadam 


Say  =  2.25^2  -f  2dT 
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Using  this  value  Formula  1  bee 
Formula  2 

!omes 
h 

d 

h 

d 

W 

(Class  I  Traffic) 

~  2.25^2  +  2dT 

Formula  1 
(Class  II,  Ili  and 
IV  Traffic) 

/4TF       16^2      AT 
\   96  +81          9 
W 
~  W  +  2dT 

\W       T'       T 
V  36  +  9         3 

Utilization  of  Formulae  1  and  2  in  Macadam  Pavement  Design. — 

To  utilize  these  formulae,  it  is  necessary  to  assemble  the  values  for  load, 
supporting  power  of  soils,  and  to  discuss  the  factor  of  safety  desired.  Load 
and  distributing  power  of  macadam  when  tight  locked  are  reasonably 
certain.  Live  load  will  vary  according  to  the  traffic  the  road  will  have 
but  for  all  practical  purposes,  it  is  safe  to  use  the  statuatory  limitation 
plus  an  allowance  for  impact.  The  values  given  on  page  82  contain  a 
small  factor  of  safety.  Dead  load  of  the  pavement  itself  can  be  safely 
disregarded  unless  we  are  dealing  with  muck  or  swampy  foundation.  The 
formulae  developed  for  distribution  of  pressure  assumes  the  same  distribu- 
tion for  all  the  usual  combinations  of  base  and  top  courses  and  disregards 
reduction  in  distributing  power  due  to  frost  action  for  a  short  time  in  the 
spring.  Figure  32  indicates  that  for  the  usual  combinations  of  base  and 
top,  these  formulae  are  on  the  safe  side  but  this  factor  is  probably 
balanced  by  the  unknown  reduction  in  distributing  power  during  the 
spring  break  up.  Safe  soil-supporting  power  is  the  most  indefinite  factor 
in  the  problem.  As  this  factor  is  largely  a  matter  of  personal  judgment, 
the  values  assigned  for  supporting  power  of  soil  can  provide  the  desired 
factor  of  safety  in  the  result.  The  values  given  on  page  86  were 
adjusted  for  use  in  conjunction  with  this  formula;  it  will  be  noted  that  the 
values  used  for  the  extreme  conditions  of  good  and  bad  agree  closely 
with  the  Massachusetts  and  French  values.  The  intermediate  values 
are  based  on  our  experience  in  Western  New  York  for  a  number  of  years. 
The  use  of  these  values  for  districts  similar  to  Western  New  York  will 
give  reasonable  results.  There  will  be  some  spring  failures  but  not  many 
and  for  the  balance  of  the  year  the  factor  of  safety  is  high. 

Figures  34A,  34B  and  34C  show  graphically  the  depths  of  macadam 
obtained  by  the  use  of  Formulae  1  and  2  with  the  recommended  live 
loads  given  on  page  82  and  the  soil  values  given  on  page  86.  The 
suitabihty  of  these  curves  for  any  district  can  be  easily  determined  by 
plotting  on  a  chart  the  record  of  actual  road  failures  for  the  district  in 
question.  If  the  curve  derived  from  Formula  1  (using  the  local  load 
Hmitation)  is  very  much  above  the  average  run  of  actual  blow  ups,  it 
can  be  lowered  to  get  a  reasonable  percentage  of  failure;  that  is,  this 
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curve  should  about  fit  the  upper  Hmit  of  depth  for  the  usual  failure  on  the 
different  soils.  A  few  exceptional  cases  can  be  disregarded.  The  data 
of  actual  road  failures  should  be  charted  in  a  similar  way  to  the  usual 
chart  of  storm  intensity  in  deriving  storm  sewer  design  assumptions. 
The  method  is  illustrated  by  Fig,  35,  page  96.  Figure  35  is  a 
record  of  observations  in  Western  New  York,  1907  to  1920. 
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Fig.  34^. — Recommended  depths  of  macadam  pavements  on  different  soils    where  the 
pavement  is  located  either  in  cut  or  on  fills  less  than  1  ft.  deep. 


Formulae  1  and  2  reduce  to  the  following  form  if  the  design  loading 
recommended  on  page  82  is  used. 


Class  I  Roads 
Class  II  Roads 


d  (depth  macadam)  =  yj  — ^^r- 1-  28  —  5.3 
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Class  III  Roads 


Class  IV  Roads 


d 


+  11  -  3.3 


000 
36 


+  11  -  3.3 


These  formulae  are  used  in  the  preparation  of  Figs.  34.4 ,  MB  and  34C. 
Experience  with  Various  Depths  of  Macadam  in  Western  New  York. 

The  first  roads  built  in  this  section  (from  1898  to  1902)  were  quite  uni- 
formly 6  in.  in  thickness  over  all  kinds  of  soils.     This  was  admitted  to  be 


5afe  Supporfing  Power  otSoils^  pounds  per  square  inch 


Figs.  34B  and  C. — Recommended  depths  of  macadam  pavements  located  on  fills, 
mediate  fills  (1  to  3  ft.  deep).     High  fills  (over  3  ft.  deep). 


Inter- 


rather  irrational  design  but  the  cost  had  to  be  kept  down  and  it  was  con- 
sidered better  policy  to  plan  on  more  or  less  failure  with  consequent 
repair  rather  than  spend  more  to  insure  against  minor  failure.  As 
experience  was  gained,  the  depths  were  varied  somewhat  over  different 
soils  but  these  depths  were  in  all  cases  much  less  than  are  ever  used  today. 
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The  growth  in  motor  traffic  with  heavier  loads  and  more  vehicles  has 
resulted  in  the  failure  of  most  of  these  old  thin  macadams  and  the  old 
roads  have  been  gradually  strengthened  by  the  addition  of  extra  courses 
of  stone  to  meet  the  increased  loads.  By  observation  of  these  successive 
thickenings,  the  State  Department  of  Highways  has  had  a  very  excellent 

Safe  Supporfing  Power  of  Solls^  lbs.  per  square  inch 
5  10  15  ?0  25  30 


Fig. 


5  10  IS  20  25  30 

Safe  Supporfing  Power  of  Soils,  lbs. per  square  inch 

35. — Comparison  of  theory  with  record  of  actual  successes  and  failures. 


opportunity  of  drawing  reasonable  conclusions  as  to  the  depths  required 
for  handling  modern  traffic  on  different  soils. 

There  has,  however,  been  no  systematic  official  effort  to  gather  this 
data  in  a  complete  and  convincing  manner  and  what  data  is  available 
is  due  to  the  individual  efforts  of  a  few  of  the  engineers.  Officially,  the 
experience  of  20  years  has  been  thrown  away  as  far  as  definite 
tabulated  data  goes  in  regard  to  economical  macadam  depths  under 
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different  conditions.  This  is  very  typical  of  the  attitude  towards  high- 
way work  in  manj^  cases  and  I  have  even  heard  some  executives  say 
that  they  didn't  want  to  know  too  much  about  the  economics  of  different 
types   of   pavements.     This   general   attitude   is   being   gradually   dis- 


FiGS  30.4  and  B. — Typical  failures  of  thin  macadam  pavements  on  clay  soil  when  sub- 
jected to  continuous  heavy  trucking  in  the  spring  of  the  year.  These  pictures  are  of  pave- 
ments near  Rochester,  N.  Y.,  damaged  by  army  truck  traffic  in  1918. 

credited  and  we  have  hopes  that  in  time  an  efTort  will  be  made  to  record 
the  number  of  square  yards  of  different  depths  on  different  soils  with  the 
yearly  percentages  of  failure  for  the  various  depths  and  in  this  way  gain 


Fig.  .37. — Road  5  New  York  State  (15  years  old)  5,000  vehicles  daily  (average  mixed 
traffic).  Successful  macadam  type  pavement  under  heavy  traffic,  8-in.  total  depth,  5-in. 
macadam  base,  3-in.  Amiesite  top.     Gravelly  foundation  soil. 

some  reliable  means  of  balancing  original  cost  against  minor  repair. 
This  method  has  been  used  by  various  cities  in  determining  economic 
depth  of  concrete  foundations  for  street  pavements. 
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The  following  statements  summarize  the  experience  and  judgment  of 
a  number  of  the  engineers  of  Division  7  who  have  kept  records  of  suc- 
cesses and  failures  under  the  test  of  modern  traffic  including  army  truck- 
ing during  the  war. 

Pavements  22  in.  thick  laid  on  poor  clay  and  stiff  muck  soils  have  in  a 
few  exceptional  cases  rutted  badly  under  Class  II  Traffic.  Pavements 
23  to  27  in.  thick  under  similar  soil  and  traffic  conditions  have  retained 
their  shape  and  have  only  required  minor  repair.  This  represents  the 
worst  soil  conditions  encountered  in  this  territory.  As  a  rule,  a  depth  of 
20  in,  even  on  very  poor  clay  holds  Class  II  Traffic  with  only  minor 
failures.^ 

On  coarse  sand  and  fine  gravels,  we  have  cases  where  a  7-in.  depth  is 
serving  Class  I  traffic  with  no  evidence  of  weakness  but  these  are  excep- 
tional cases.  As  a  rule,  9  in.  is  considered  about  the  minimum  service- 
able depth  for  Class  I  on  excellent  soils. 

For  loams  7-  to  8-in.  depths  have  in  some  cases  lasted  well  under  Class 
II  traffic  but  as  a  rule  10  to  12  in.  is  considered  necessary  to  avoid  too 
much  maintenance. 

For  ordinary  clays  9  in.  often  lasts  quite  well  under  Class  II  traffic 
but  enough  trouble  has  occurred  even  with  12-in.  depth  on  these  soils 
to  warrant  15  to  18  in.  as  a  reasonable  design  depth  under  Class  II  or  III 
loading. 

In    order    to  coordinate  this  experience  with  other  localities,    the 
following  table  records  range  in  macadam  depths  used  by  other  states. 
Figure  35  shows  a  graphic  method  of  charting  successes  and  failures. 
CURRENT  PRACTICE  IN  MACADAM  DEPTHS  (1922) 
Table   16. — Range  in  Macadam  Pavement  Depths 


State 

Minimum  depth 

on  firm  soils, 

inches 

Maximum  depth 

on  poor  soils, 

inches 

New  York 

8 
6 
11 
9 
8 
6 
8 
6 
7 

(gravel  soil) 

12  to  30  quicksand 

Rhode  Island 

9  to  20 

Indiana^ 

14  or  more 

Pennsylvania^ 

West  Virginia- 

12  or  more 
12  or  more 

Arizona 

Whatever  needed 

Wisconsin^ 

12  or  more 

California 

Whatever  needed 

Washington 

12  or  more 

1  For  deep  macadams,  the  upper  33^  to  7  in.  are  usually  broken  stone  macadam 
with  the  balance  of  the  depth  coarse  gravel,  boulders  or  telford  subbase  courses. 

2  The  maximum  depths  given  for  these  states  do  not  indicate  actual  extreme  maxi- 
mums for  short  stretches  of  exceptionally  poor  soil  conditions. 
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Effect  of  Soil  and  Total  Depth  on  Selection  of  Foundation  Courses 
for  Macadam  Pavements. — No  matter  what  total  pavement  depth  is 
required,  the  upper  3^2  to  9  in.  are  usually  of  the  true  broken  stone  or 
broken  slag  macadam.  Below  this  macadam,  either  stony  gravel, 
boulder  base  or  quarry  stone  telford  can  be  used  to  get  the  total  depth 
required  with  the  least  cost.  If  quicksand  or  wet  clay  is  encountered,  at 
least  6  in.  of  cinders  or  gravel  should  be  placed  as  the  lowest  layer  in 
order  to  blanket  the  soil  and  prevent  its  working  up  into  the  stone 
courses.  Above  this  either  gravel  or  boulder  base  or  telford  can  be 
used  capped  with  the  usual  broken  stone  bottom  and  top  courses.  In 
case  gravel  subbase  is  used  for  the  entire  depth  of  subbase,  at  least  5  to 
9  in.  of  macadam  must  be  used  for  the  cap  as  it  is  not  safe  to  produce  a 
pressure  of  over  30  lb.  per  square  inch  on  fine  gravel  without  danger  of 
rutting  and  the  object  of  the  overlying  macadam  is  to  reduce  wheel  pres- 
sure to  this  value  (see  Fig.  34A  gravel  soils).  If  the  gravel  subbase  is 
exceptionally  coarse  stony  gravel,  it  is  safe  to  reduce  the  macadam  cap 
thickness  to  4  in.  for  Class  IV  roads  and  to  8  in.  for  Class  I  roads.     If 

Js  fo6  Macadam  .MacaolamTopCoijn.e  2^  hS    ^^ 

•^  Capping  in  one  or  fwo  courses  [  ,  fyfcicadam  Bofhm  3  "ioS 


An^  Required  Depfh  \j    \      .  \Tofaf  MacadarnSi  h  B  ' 


6  or  more  of  Cinders  Anvi  Required  Depfh 

or  Coarse  Gravel  over  Quicksand 
or  Wef-  Clay 

Fig.  38.  Fig.  39. 

Figs.  38  and  39. — ^Effect  of  type  of  base  on  thickness  of  macadam  surface. 

boulder  or  telford  base  immediately  underlies  the  macadam,  the  thick- 
ness of  the  macadam  can  be  reduced  to  3}^  to  5  in.  as  the  boulder  base 
has  better  supporting  power  than  the  gravel  for  direct  concentrated 
loading.  That  is,  the  object  of  macadam  cap  over  the  boulder  base  is 
to  smooth  the  road  for  the  use  of  traffic. 

The  line  of  pressure  distribution  is  about  the  same  through  boulder 
base  or  gravel  with  the  evidence  slightly  in  favor  of  the  gravel. 

The  use  of  gravel  for  subbase  does  not  increase  the  total  necessary 
pavement  depth  but  it  does  increase  the  necessary  thickness  of  the  true 
macadam  type  of  surfacing  (see  Figs.  38  and  39). 

For  any  depth  up  to  8  in.,  the  true  macadam  top  and  bottom  courses 
are  generally  selected.  For  greater  depths,  any  combination  can  be  used 
keeping  the  depth  of  the  macadam  capping  to  the  minimum  safe  depth 
for  the  type  of  subbase  used. 

Recommended  Depths. — From  the  foregoing  theoretical  and  practical 
data,  the  following  recommended  depths  are  derived.  Such  recom- 
mendations are  intended  for  use  in  localities  subject  to  severe  winters  and 
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for  the  design  loading  outlined  in  Table  12,  page  82.  They  are  only 
intended  as  a  guide  to  indicate  the  trend  of  design  practice.  There  is 
no  intention  of  creating  the  impression  that  they  are  necessarily  the  best 
solutions  for  all  cases  but  they  can  be  used  with  assurance  of  reasonable 
success  in  case  local  practice  has  not  been  crystalized  by  long  experience. 

Table  17. — Recommended  Total  Depths  of  Flexible  Pavements  in  Localities 
Subject  to  Severe  Winters  (in  Inches) 
Class  I  Traffic  (over  2,000  vehicles  daily,  10-hr.  count  in  summer) 
(Macadam  not  usually  economical  on  Class  I  roads) 


Location  of  road 

Soil 

In  cuts  or  on 
shallow  fills  less 
than  1  ft.  deep 

On  intermediate 

fills  1  to  3  ft. 

deep 

On  high  fills 
over  3  ft.  deep 

Coarse  sand  and  fine  gravel 9  to  10 

Loams 10  to  14 

Ordinary  clays 15  to  21 

Heavy  clays  and  fine  sands 22  to  30 

9  to  10 
10  to  12 
12  to  16 
14  to  18 

9 
10 
11 
13 

Class  II  Traffic  (800  to  2,000  vehicles  daily,  10-hr.  count  in  summer) 

Sand  and  gravel 

8  to    9 

9  to  12 
12  to  18 
18  to  28 

8  to    9 

9  to  11 
11  to  15 
13  to  16 

8 

Loams 

9 

Ordinary  clays 

Heavy  clays  and  fine  sands 

10 
12 

Class  III  Traffic  (300  to  800  vehicles  daily 

,  10-hr.  count  in  summer) 

Sand  and  gravel 

7  to    8 

8  to  10 
12  to  16 
18  to  24 

7  to    8 

8  to    9 

9  to  14 
12  to  15 

7 

Loams 

Ordinary  clays 

8 
9 

Heavy  clays  and  fine  sands 

11 

Class  IV  Traffic  (less  than  300  vehicles  daily) 

Sand  and  gravel 

6  to    7 

7  to    9 
10  to  15 
15  to  22 

6  to    7 

7  to    8 

8  to  12 
10  to  14 

6 

Loams 

Ordinary  clays 

7 
8 

Heavy  clays  and  fine  sands 

9 

It  can  be  seen  from  the  foregoing  discussion  that  while  in  a  strict 
sense  macadam  pavement  depth  is  not  susceptible  to  true  engineering 
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design,  it  is  susceptible  to  a  rational  analysis  which  tends  to  produce 
better  balanced  results  than  the  purely  hit  or  miss  methods  that  have 
been  in  more  or  less  use  for  the  past  15  years.  In  the  author's  opinion, 
the  flexible  type  of  pavement  is  generally  the  most  economical  type  for  90  per 
cent  or  more  of  the  road  mileage  in  most  localities  and  for  this  reason  rational 
design  is  essential. 

Asphaltic  Concrete  and  Block  Surfacings  on  Macadam  Bases. — This 
type  of  road  is  a  desirable  design  where  an  old  firm  well-consolidated 
macadam  rood  needs  a  better  type  of  surface.  Asphaltic  concrete  or  any 
high  type  block  surface  should  never  be  laid  on  new  macadam  as  it  is  impos- 
sible to  get  complete  consolidation  of  macadam  without  the  added  help  of 
traffic  pounding. 


Fig.  40. — Successful  asphaltic  concrete  (modified  Topeka)  surface  on  old  solid  telford 
stone  base  on  a  heavy  traffic  street  in  Rochester,  N.  Y.  The  surface  has  been  down  for 
10  years  and  remarkably  free  from  temperature  cracks  or  other  flaws. 

Firm  macadam  bases  having  the  thicknesses  previously  discussed 
make  an  ideal  foundation  for  asphaltic  concretes  and  block  with  mastic 
fillers  as  temperature  cracks  are  largely  eliminated.  Temperature 
cracks  are  the  main  difficulty  encountered  where  these  pavements  are 
laid  on  concrete  foundations. 

Figure  40  shows  an  asphaltic  concrete  surface  laid  on  an  old  telford 
base  on  one  of  the  heavy  trafiic  streets  of  Rochester,  This  pavement  is 
in  better  shape  than  any  of  the  adjacent  pavements  with  concrete  bases. 
Figure  10,  page  36,  shows  a  rural  asphaltic  concrete  surface  on  old  firm 
macadam  base.  The  general  conclusion  to  be  drawn  is  that  where  an  old 
firm  macadam  of  adequate  depth  has  been  constructed  in  the  past  that  it 
makes  an  excellent  base  for  a  higher  type  surfacing.     For  the  quick  con- 
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struction  of  an  asphalt  or  brick  surface  on  a  heavy  traffic  unimproved 
road,  the  concrete  base  is  the  most  feasible  design.  It  is  well  to  bear  in 
mind,  however,  that  while  from  a  practical  standpoint  the  use  of  a 
concrete  base  on  new  grading  is  the  best  solution  for  quick  results,  expen- 
sive failures  often  result  from  the  construction  of  concrete  on  new  fills  or 
over  sewer  trenches  that  have  not  had  time  to  settle;  it  is  desirable  to 
wait  at  least  a  season  after  a  road  is  graded  before  placing  a  rigid  pave- 
ment. This  delay  is  rarely  possible  but  if  it  is  feasible,  the  macadam-base 
type  has  the  advantage  as  the  macadam  base  gives  good  service  to  traffic 
while  it  is  consolidating  and  eventually  produces  a  more  satisfactory 
base  than  concrete  except  for  exceptionally  heavy  volume  and  unit  traffic 
(Class  I  Roads).  Where  asphaltic  concrete  is  used  on  top  of  maca- 
dam the  depth  of  asphaltic  surface  can  be  considered  as  equivalent  to  an 
equal  depth  of  macadam.  On  this  basis  Table  17  is  directly  available 
for  computing  required  total  depths. 

Rigid  Pavement  Design. — Rigid  pavements  are  more  difficult  to 
analyze  for  strength  design  than  the  macadam  type  but  an  approxima- 
tion can  be  derived.  The  following  discussion  is  not  a  scientific  analysis 
in  any  sense  of  the  word  as  this  is  impossible  to  achieve  at  the  present 
stage  of  experimental  knowledge.  It  is  desirable  however  to  develop 
empirical  formulae  which  are  based  on  available  experimental  data 
coordinated  with  actual  traffic  tests. 

Considerable  progress  has  been  made  in  the  last  few  years  towards  a 
fairly  well-balanced  design  of  strength.  Investigations  in  regard  to 
temperature  warping,  fatigue  of  materials,  soil  support,  etc.  have  estab- 
lished fairly  definite  general  principles  which  have  modified  the  old  style 
design  to  advantage.  These  modifications  include  reduction  in  unit 
width  of  monolithic  type  slabs,  increase  in  the  strength  of  the  outer  edge 
of  narrow  rural  highway  pavements  and  improvement  in  quality  and 
manipulation  of  materials.  Theory  developed  from  experimental 
research  seems  to  have  been  essentially  verified  by  traffic  tests  and  while 
there  is  still  considerable  range  for  judgment  in  assigning  values  to  the 
various  factors  in  the  formulae  there  is  no  serious  disagreement  in  regard 
to  essentials.  A  discussion  of  formulated  design  is  given  with  the  idea 
of  bringing  out  the  factors  of  the  problem  for  the  student  rather  than  as 
providing  hard  and  fast  standards  of  designs.  As  a  matter  of  fact  a  careful 
analysis  of  any  theoretical  discussion  of  pavement  design  shows  plainly 
that  experience  with  actual  traffic  tests  is  the  most  reliable  basis  for 
action.  Table  23,  page  137,  gives  the  summarized  recommendations 
based  on  both  theory  and  practice.  This  table  is  of  definite  practical 
value. 

Design  Fundamentals  (Rigid  Slabs). — As  outlined  on  page  73  rigid 
pavements  are  designed  to  bridge  over  small  areas  where  there  is  either 
partial  or  complete  loss  of  soil  support.     If  large  areas  of  the  subgrade 
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settle  materially  the  pavement  fails;  it  is  necessary  to  provide  enough 
slab  strength  to  bridge  all  areas  of  poor  soil  support  which  ordinarily 
occur  under  the  usual  construction  conditions  but  it  is  prohibitive  in 
cost  to  design  a  pavement  for  exceptional  areas  of  settlement.^  It  is, 
of  course,  impossible  to  determine  exactly  what  size  these  commonly 
occurring  weak  areas  will  be  and  it  is  necessary  to  assume  some  maximum 
condition  of  loss  of  soil  support  for  which  provision  will  be  made.  The 
so-called  corner  load  Formula  developed  in  1919  by  the  Illinois  Highway 
Dept.,  Chfford  Older,  Chief  Engineer,  seems  to  afford  a  practical  mathe- 
matical basis  of  comparison  of  slab  strengths  ordinarily  needed  to  produce 
economical  pavements  which  will  not  have  too  great  percentages  of  weak 
areas.  This  formula  should,  however,  be  used  as  an  index  of  relative 
strength  rather  than  as  a  basis  of  absolute  strength  as  it  eliminates  soil 
support  as  a  direct  factor  in  the  computations. 

Observed  pavement  failures  indicate  the  predominance  of  corner 
area  weakness.  Recent  experiment  has  determined  that  soil  contact 
under  corners  and  along  the  edges  of  slabs  is  quite  commonly  completely 
lost  or  at  least  reduced  to  negligible  value.  This  condition  is  due  to 
temperature  warping,  to  compression  of  subgrade  due  to  edge  deflection 
of  slabs  under  heavy  truck  traffic  and  to  increase  in  the  moisture  content 
of  the  subgrade  soil  by  ground  water  seepage  and  the  seepage  of  surface 
water  through  cracks  and  down  through  ruts  along  the  edge  of  the 
pavement.^  The  extent  and  frequency  of  serious  loss  of  soil  support 
can  be  reduced  by  narrowing  the  width  of  slabs,  by  constant  sealing  of 
surface  cracks,  by  well  constructed  and  maintained  shoulders  and  by 
effective  under  drainage  but  even  with  the  greatest  care  in  these  particu- 
lars soil  support  is  unreliable  at  corners.  These  recognized  conditions 
led  to  the  development  of  the  corner  load  formula.     It  is  expressed 

as  a  =  \  —^  in  which 

d  =  Depth  of  slab  in  inches. 
W  =  Design  wheel  load  in  pounds. 
S  =  Maximum  allowable  design  tension  value  in  pounds  per  square 

inch. 
./  =  Variable  factor  determined  by  load  distribution  and  location 
of  critical  load. 
Soil  support  is  disregarded  as  a  direct  factor  in  the  computations. 

While  all  the  factors  W,  S  and  J  are  more  or  less  indefinite,  actual 
road  service  tests  are  rapidly  ehminating  any  wide  range  of  uncertainty. 

^  Some  efforts  have  been  made  to  develop  an  economical  design  on  the  basis  of 
pillar  support  extending  below  frost  line.  This  basis  of  design  simplifies  the  design 
stress  problem  but  it  is  not  hkely  that  any  system  of  bridge  floor  slab  design  can  com- 
pete economically  with  a  base  partially  in  contact  with  the  earth  subgrade. 

^  Bates  Experimental  Road  Bulletins,  Illinois  Dept.  of  Highways. 
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The  formula  can  be  used  directly  for  most  cases  with  good  results  but 
it  has  more  real  value  as  an  index  of  relative  strength  than  as  a  basis  of 
design  of  absolute  strength  on  account  of  complete  disregard  of  soil 
support.  The  results  obtained  by  the  formula  are  susceptible  to  per- 
centage modifications  due  to  reasonable  allowances  for  normal  conditions 
of  some  soil  support.  Such  modifications  depend  on  direct  traffic  tests 
for  normal  conditions.  The  impossibility  of  exactly  determining  the 
value  of  soil  support  is  the  stumbling  block  in  applying  scientific  design 
to  any  type  of  pavement,  either  rigid  or  flexible.  The  formula  is 
developed  as  follows: 

The  Corner  Load  Formula. — Rigid  pave- 
ments are  considered  as  a  series  of  slabs.  This 
is  essentially  correct  for  most  modern  monohthic 
pavements  are  constructed  with  well-defined 
joints  and  most  two-course  pavements  which 
may  be  originally  constructed  as  a  continuous 
slab  are  later  broken  up  by  temperature  and 
traffic  action  into  a  series  of  slabs.  Mr.  Older 
is  quoted  as  follows: 


^ 


Transverse 
Contraction 
Cracks 


Longitudinal  Cracks 


Corner  Traffic 
Cracks 


Fig.  41. — Typical  cracks. 


^ 
^ 


Edge  of  Pavement 


B    Joints 


Line  of  effective 
soilsupport 


Fig.  A\A. — Corner  load  formula  diagram. 


Corners  Critical  Points. — It  may  be  safely  stated  that  cracks  and  joints, 
if  properly  cared  for,  affect  the  life  of  a  rigid  slab  only  as  they  may  affect  its 
strength  or  load  carrying  capacity. 

It  is  not  necessary  to  apply  mathematical  calculations  to  develop  the  fact 
that  a  load  applied  near  the  center  of  a  comparatively  large  unbroken  pavement 
slab  would  produce  much  lower  stresses  therein  than  would  be  produced  were  the 
same  load  applied  at  or  near  the  edge  of  the  same  slab.  Further  it  is  evident 
that  a  load  applied  at  the  edge  of  an  unbroken  slab  would  not  produce  stresses 
as  great  as  those  produced  by  the  same  load  placed  at  a  corner  formed  by  cracks 
or  joints.  It  is  obvious  that  these  are  bending  stresses  which  must  be  withstood 
by  the  resisting  moment  of  the  slab. 

Regardless  of  the  supporting  capacity  of  the  subgrade,  it  is  the  corners 
formed  by  intersection  of  cracks  or  joints  with  each  other  and  with  the  edges  of 
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the  pavement  that  constitute  the  weak  points  of  rigid  slab  pavements.  On  the 
IlHnois  roads  which  carry  truck  traffic  many  broken  corners  have  been  observed 
in  all  types  of  rigid  pavements,  and  only  in  a  single  instance  has  a  traffic  break 
been  observed  that  was  not  readily  traceable  to  the  piecemeal  breaking  down 
of  corners  or  narrow  strips  formed  by  longitudinal  cracks  making  acute  angles 
with  the  edge  of  the  slab.  The  exception  was  an  asphalt  top  pavement  on  a 
1:3:5  concrete  base  4  in.  thick  at  the  sides  and  5  in.  thick  in  the  center  which 
broke  into  small  pieces  under  excessive  truck  traffic.  An  examination  of  the 
base  showed  that  its  transverse  strength  had  been  exceeded  even  in  the  center  of 
the  slab.  No  concrete  slab  6  in.  or  more  in  thickness  has  broken  except  at  corners 
or  except  over  trenches  or  other  causes  of  localized  settlement. 

Until  we  are  able  to  control  completely  the  cracking  of  rigid  slabs  it  seems 
obvious  that  we  must  design  the  entire  slab  to  carry  the  imposed  loads  at  the 
weak  point — the  corners. 

This  last  paragraph  of  Mr.  Older's  statement  must  not  be  construed 
to  mean  that  pavements  must  be  of  uniform  thickness  throughout  as 
this  would  result  in  unbalanced  and  uneconomical  design.  That  is,  the 
location  of  corners  (such  as  along  the  edge  of  the  pavement  as  compared 
with  interior  corners)  and  other  factors  later  discussed  have  considerable 
bearing  on  the  stress  produced  by  normal  wheel  loads.  If  due  allowance 
is  made  for  the  location  and  special  conditions  of  load  application  at 
different  kinds  of  corners  this  test  (corner  resisting  moment)  can  be  used 
quite  successfully  in  the  design  of  pavement  strength. 

The  relation  of  traffic  load  to  necessary  corner  resisting  moment  of  the 
slab  is  quite  simple  assuming  complete  loss  of  soil  support  for  a  small 
area  under  the  corner,  load  applied  at  extreme  corner,  intersection  angle 
of  joints,  sides  and  cracks  90°. 

The  resisting  moment  of  the  slab  along  the  line  AB  (Fig.  4U.) 

_SI  _  Sbd^     Shd^ 
~   d    ~    6d    ~    6 
2 
Where 

S  =  allowable  tensile  stress  in  outer  fiber. 

hd^ 
I  =  moment  of  inertia  of  the  section  along  line  AB  =  ^ 

d  =  depth  of  slab  in  inches. 

h  =  distance  AB  in  inches. 
The  load  moment  is  expressed  as  load  (L)  in  pounds,  times  the  moment 
arm  CD  in  inches.     At  right-angle  corners  the  distance  CD  is  always  3^2 

oi  AB  =  (o)  1^0  matter  what  distance  CD  becomes.  This  gives  a  con- 
stant relation  between  the  load  moment  and  resisting  moment  regardless 
of  variations  in  the  size  of  areas  of  no  support  under  corners. 

Load  Moment  {M)  =  -^ 
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The  load  moment  and  resisting  moment  must  be  the  same  where  soil 
support  is  completely  lost. 


Lb 

Shd' 

2 

~     6 

^2 

3L 

~   S 

d 

JSL 

\  S 

Ijw 

For  convenience  this  is  modified  to  d  =  \—h-  where  W  equals  the 

design  wheel  load  (discussed  on  page  82) ;  J  equals  (3  X  the  decimal  part 
of  W  which  can  be  considered  as  applied  at  the  extreme  corner)  and  S 
equals  the  maximum  allowable  design  tension  value  for  the  material  or 
combination  of  materials  making  up  the  road  slab. 

Utilization  of  Comer  Load  Formula  in  Design. — The  successful  use 
of  this  formula  depends  on  the  determination  of  reasonable  values  for 
tensile  strength  of  the  slab  (S),  wheel  load  (TF),  load  distribution 
at  joints  in  conjunction  with  location  of  load  (J)  and  soil  support  modi- 
fications which  control  the  factor  of  safety  of  the  finally  adopted  depth. 
A  short  discussion  of  each  factor  follows.  They  will  then  be  assembled 
for  the  different  types  of  pavement  and  a  table  prepared  which  shows 
roughly  the  effect  of  load  or  depth  and  compares  the  depths  required  for 
the  different  types  of  pavement  under  specified  legal  load  limits. 

Design  Values  for  Tensile  Strength  (S). — Pavement  slabs  are  con- 
structed of  plain  concrete  without  any  reinforcement,  concrete  containing 
small  percentages  of  embedded  steel;  combinations  of  cement  concrete 
and  brick  with  a  fairly  firm  bond  (so  called  Monolithic  Brick)  and  com- 
binations of  Bituminous  Concrete  or  block  surfaces  on  Cement  Concrete 
bases  with  a  well-defined  plane  of  weakness  between  base  and  surface 
courses.  All  pavement  slabs  subject  to  bending  stresses  fail  from  tension 
weakness.  It  is  well  established  that  it  is  uneconomical  and  impracti- 
cable to  attempt  to  reinforce  thin  pavement  bases  with  enough  steel  to 
take  full  advantage  of  the  compressive  strength  of  concrete.  The  tensile 
resistance  of  concrete  can  be  raised  slightly  for  small  areas  such  as  corners 
by  means  of  bar  reinforcement.  Construction  imperfections  in  mix  and 
materials  can  be  equalized  by  light  mesh  which  acts  as  a  fibrous  tie  and 
the  use  of  small  amounts  of  steel  in  this  way  permits  a  raise  in  allowable 
design  stress  but  if  failure  occurs  it  is  always  a  tension  failure.  It  is 
therefore  only  necessary  to  consider  the  safe  tensile  strength  of  the 
materials  or  combination  of  materials  in  computing  slab  strength. 

In  adopting  values  for  tension  to  be  used  in  the  corner  load  formulae,  it 
is  desirable  to  use  the  highest  reasonable  value  as  there  is  no  objection 
to  a  small  percentage  of  pavement  failure.  The  values  given  at  the  close 
of  this  portion  of  the  discussion  have  been  tentatively  adopted  as  their 
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use  in  conjunction  with  the  distribution  factors  and  wheel  loads  recom- 
mended seem  to  result  in  pavement  thicknesses  which  have  proved  to  be 
adequate  under  tests  of  modern  traffic.  These  values  are  somewhat 
higher  than  many  authorities  advise. 

The  discussion  of  design  tension  values  is  based  on  the  Modulus  of 
Rupture  of  Materials.  The  term  Modulus  of  Rupture  is  defined  as 
follows  by  Hool  and  Johnson : 

The  transverse  or  beam  strength  of  granular  brittle  materials  like  mortars  and 
concretes  is  best  expressed  by  the  Modulus  of  Rupture.  The  modulus  of  rupture 
is  the  apparent  stress  in  the  extreme  fiber  of  a  transverse  test  specimen  under  the 
load  which  produces  rupture.  For  specimens  of  rectangular  section  of  breath 
b  and  depth  d,  loaded  centralbv  on  a  span  I,  the  breaking  load  being  W,  the  modu- 
lus of  rupture  is  computed  by  the  formula 

Modulus  of  Rupture  —  nrr^ 

The  extreme  fiber  stress  thus  computed  is  not  the  actual  fiber  stress  because 
the  formula  involves  the  inaccurate  assumption  that  the  material  deforms 
elastically  for  all  stresses  up  to  rupture.  The  comparative  relations  between 
results  are  not  affected  by  this  inaccuracy  of  the  formula,  however,  when  the  tests 
compared  are  made  upon  specimens  of  similar  material,  because  the  computed 
values  of  the  modulus  of  rupture  are  very  nearly  proportional  to  the  actual 
stresses. 

Since  the  extreme  fiber  stresses  on  the  tension  side  and  on  the  compression 
side  of  a  beam  of  homogeneous  material  are  equal,  and  the  tensile  strength  of 
mortar  or  concrete  is  only  a  small  fraction  of  the  compressive  strength,  the  trans- 
verse strength  of  mortar  or  concrete  is  almost  wholly  dependent  upon  the  tensile 
strength.  The  modulus  of  rupture  found  in  transverse  tests  will  invariably  be 
considerably  in  excess  of  the  tensile  strength,  however,  because  the  computed 
stress  in  the  extreme  fiber  considerably  exceeds  the  actual  stress. 

Modulus  of  Rupture  of  Plain  Concrete. — For  a  number  of  years  it  has 
been  quite  well  established  that  loads  producing  computed  stresses 
exceeding  50  to  60  per  cent  of  the  modulus  of  rupture  of  plain  concrete 
result  in  permanent  deflections.  Recent  experiments  by  the  Illinois 
Highway  Department  on  the  effect  of  repetition  of  load  on  rupture  have 
shown  that  loads  producing  computed  stresses  of  37  per  cent  of  the  modu- 
lus of  rupture  can  be  repeated  1,000,000  times  without  causing  failure; 
loads  producing  stresses  of  53  per  cent  of  the  modulus  of  rupture  were 
repeated  from  40,000  to  200,000  times  before  rupture  occurred;  loads 
producing  stresses  of  70  per  cent  of  the  modulus  of  rupture  broke  the 
test  piece  after  repetitions  of  from  a  few  hundred  to  a  few  thousand 
applications.  To  prevent  rupture  due  to  unhmited  repetition  of  load,  it 
is  therefore  desirable  to  adopt  a  design  stress  of  about  45  per  cent  of  the 
Modulus  of  Rupture. 

The  modulus  of  rupture  of  concrete  pavements  or  bases  has  consider- 
able range  in  value  depending  on  the  mix,  age  of  concrete  and  perfection 
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of  construction  operations.  It  would  be  impracticable  and  uneconomical 
to  attempt  to  use  a  design  tension  value  which  would  prevent  occasional 
failure  of  fresh  concrete  under  repeated  heavy  loading. 

New  pavements  are  generally  opened  to  traffic  in  14  to  28  days 
after  construction.  It  is  necessary  to  provide  enough  strength  at  this 
time  to  prevent  corner  breaks  due  to  the  loading  produced  by  normal 
traffic.  The  pavement  must  be  able  to  handle  immediately  a  few  appli- 
cations of  the  maximum  permissible  wheel  load  but  it  is  not  rational  to 
make  the  pavement  strong  enough  at  this  stage  to  stand  repeated  rapid 
applications  of  the  maximum  legal  load  nor  is  it  likely  that  this  condition 
will  occur  except  under  very  unusual  conditions. 

The  pavement  must  be  strong  enough  when  first  opened  to  permit 
continual  application  of  the  loads  produced  by  the  usual  vehicle  but  these 
loads  are  far  below  the  legal  maximum.  The  maximum  wheel  pressure 
permitted  by  law  is  only  produced  by  a  very  small  percentage  of  the 
vehicles  operating  on  the  usual  road.  These  vehicles  in  passing  over  the 
pavement  only  apply  their  load  at  critical  corner  points  to  a  very  small 
percentage  of  the  slab  corners.  It  is  not  likely  that  a  single  slab  corner 
has  the  maximum  legal  load  applied  to  the  extreme  corner  with  greater 
frequency  than  say  Hoo  of  1  pei*  cent  of  the  number  of  vehicles  using  the 
road.  The  concrete  rapidly  gains  strength  with  age  so  that  if  a  design 
tension  value  is  adopted  high  enough  to  prevent  rupture  at  the  28-day  age 
for  maximum  load  without  considering  the  effects  of  repetition,  the 
probabilities  are  all  in  favor  that  it  will  gain  strength  fast  enough  to 
take  care  of  the  maximum  loads  as  they  occur.  We,  therefore,  recom- 
mend a  value  of  about  65  per  cent  modulus  of  rupture  for  28-day  concrete 
in  conjunction  with  the  maximum  legal  wheel  load.  This  means  that 
the  stress  produced  by  the  ordinary  light  vehicles  is  less  than  50  per  cent 
of  the  modulus  of  rupture  at  28-day  age  and  can  be  repeated  indefinitely 
even  at  that  stage.  Within  6  months  or  a  year  the  concrete  will  probably 
gain  sufficient  additional  strength  to  stand  indefinite  repetitions  of  the 
maximum  legal  load.  If  some  corners  break  during  the  first  few  months, 
they  can  be  repaired  under  the  item  of  minor  repair.  For  exceptional 
roads  carrying  a  large  volume  of  heavy  trucking,  it  is,  perhaps,  desirable 
to  reduce  the  design  tension  values  somewhat  or  to  insist  on  longer  aging 
before  the  road  is  opened  to  traffic. 

The  following  tabulation  shows  the  approximate  ratio  of  the  design 
stress  recommended  for  1:1)^:3  concrete  to  the  modulus  of  rupture  at 
28  days,  6  months  and  a  year. 


Approximate  ratio  of  recommended  stress 
to  modulus  of  rupture 

28  days               6  months 

i 

1  year 

400  lb.  per  square  inch   per  cent 

1          fi.f^  or^                   ."SO  % 

45% 
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The  ratio  of  Modulus  of  Rupture  to  compressive  strength  (28-day) 
determined  for  ordinary  road  concrete  mixes  on  6-X  12-in.  cylinders  is 
approximately  23  per  cent  (see  Table  18). 

The  tabulation  below  gives  the  recommended  values  for  (S)  Tension 
to  be  used  in  the  corner  load  formula  for  plain  concrete  pavement  and 
base  design: 

Adopted    Values   (<S)   Design  Tensile  Strength  Value  for  Plain  Concrete 

PA^'EMENTS    and    PaVEMENT   BaSES 

1:13^:3  mix 400 

1:2     :4mix ; 360 

1:2^:5  mix 320 

1:3     :6' mix 280 

1  Recent  tests  (1921)  by  the  Bureau  of  Public  Roads  indicate  that  the  strength 
of  1 :3 : 6  concrete  tested  for  beam  action  is  about  80  per  cent  of  the  strength  of  \\\}i,:Z 
mix  while  the  ratio  of  direct  compressive  strength  of  these  mixes  is  1  to  2.  The 
adopted  values  use  a  ratio  of  70  per  cent  for  beam  action. 

Tables  18,  18A  and  18B  give  reliable  test  values  of  the  Modulus  of 
Rupture  and  serve  as  the  supporting  data  for  the  recommended  values. 

Table  19  compares  direct  tension  with  Modulus  of  Rupture. 

Appendix  D  gives  Modulus  of  Rupture  Bates  Road  Tests  for  actual 
failures  under  truck  traffic.     (See  page  603.) 


no 
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Table  IS.- — Effect  of  Size  and  Gkading  of  AciCREGATE  and  Age  of  Concrete 

Bulletin  11,  Lewis  Institute  Chicago.     Prof.  Duff  A.  Abrams. 

Aggregates:  sand  from  Janesville,  Wis.,  and  pebbles  from  Elgin,  111.  Aggregates  of  different  size  were 
obtained  by  separating  sand  and  pebbles  into  various  sizes  and  recombining  as  shown  by  sieve  analyses 
in  Table  II  and  Fig.  1.  Different  gradings  of  aggregates  were  produced  by  mixing  sand  (0  to  No.  4)  and 
pebbles  (No.  4  to  IJ^  in.)  in  different  proportions. 

Mix,  1  :  4  by  volume.     Relative  consistency,  1.10. 

Specimens  tested  damp. 

Each  value  is  the  average  of  .5  tests  made  on  different  days. 


Ref. 

No. 


Aggregate 


Size 


Fineness 
mod- 
ulus 


Water- 
ratio 

of 
con- 
crete 


Modulus  of  rupture 
of   beams,   lb.    per 
per  sq.  in. 


7d. 


28  d. 


ly. 


Compressive    strength 

6-  by  12-in.  cylinder,  lb. 

per  sq.  in. 


Modulus  of  rupture, 
per    cent    of    com- 
pression 


7  d.     28  d. 


3  m. 


1  y.    7d. 


28  d. 


3  m, 


ly- 


Effect  of  Size  of  Aggregate. 


36 

0-16 

1.95 

1.29 

95 

160 

255 

340 

270 

620 

1,190 

1,600 

35.2 

25.8 

21.5 

21.2 

37 

0-8 

2.17 

1.25 

95 

195 

320 

370 

360 

850 

1,470 

1,860 

26.4 

23.0 

21.8 

19.9 

38 

0-4 

2.45 

1.20 

125 

250 

370 

425 

430 

1,010 

1,620 

2,100 

29.4 

24.8 

22.8 

20.2 

39 

0-H 

4.00 

0.98 

290 

455 

595 

640 

1,040 

2,110 

2,930 

4,490 

27.9 

21.6 

20.3 

14.3 

40 

0-Va 

5.00 

0.87 

365 

560 

730 

775^1,290 

2,650 

3,650 

4,890  28.3 

21.2 

20.0 

15.9 

41 

0-1 M 

5.65 

0.82 

Aver. 

420 

550> 

810 

880 

1,410  2,5801 

3,590 

5,000 

29.8 

21.3 

22.6 

17.6 

230 

360 

510 

570 

800 

1,640 

2,410 

3,320 

29.5 

22.9 

21.5 

18.2 

Effect  of  Grading  of  Aggregate. 


29 

0-1}.^ 

3.00 

1.11 

165 

255 

410 

450      620,1,290   ,1 ,640,2,330  26.6 

! 
19.8  25.0  19.3 

30 

o-iVi 

4.00 

0.98 

230 

390 

505 

570 

9502,000   [2,5503,230  24.2 

19.5 

19.8  17.7 

31 

0-1 H 

4.50 

0.93 

285 

485 

610 

645 

1,090  2,190    2,750  3,830 

26.2 

22.2 

22.216.9 

32 

0-11^ 

5.00 

0.87 

325 

505 

660 

710 

1,1602,410 

3,580  4,510 

28.0 

21.0 

18.4J15.8 

33 

0-1 1-^ 

5.25 

0.85 

365 

555 

735 

820 

1,320  2,940 

3,810  5,340 

27.7 

18.9 

19.3  15.4 

41 

0-1^^ 

5.65 

0.82 

420 

560> 

810 

880 

1 ,410  2  ,680> 

3,690  5,000 

29.8 

21.3 

22  .6  17  .6 

34 

0-U^. 

6.00 

0.78 

405 

600 

735 

825 

1,300  2,250 

3,310j4,400 

31.2 

26.7 

22.2  18.8 

35 

0-1 1.^ 

6.25 

0.77 
Aver. 

385 

590 

730 

865 

1,140  1,990 

2,840 

4,080 

33.8 

29.6 

25.721.2 

320 

490 

650 

720 

1,120'2,210 

3,010 

4,090 

28.4 

22.4 

21.9  17.8 

Note. — Ordinary  Concrete  Pavement  mixture  shown  in  black  faced  type  (Reference  No.  41). 
1  Average  of  25-beam  tests  and  115  cylinder  tests. 
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Table  18A. — Transverse  Strength  of  Mortars  and  Concretes 
Tests  of  William  B.  Fuller 


Proportions  by 

Proportions  by 

28-day  a 

ge.     Modulus  of  rupture 

weight,  cement, 

volume,  cement, 

(lb.  per.  sq.  in.) 

sand,  stone 

sand,  stone 

Ma.\imum 

Minimum 

Average  of  6 

1:   2 

1.17 

2.06 

798 

646                     710 

1:   3 

1.17 

3.09 

732 

573 

656 

2:   4 

2.34 

4.12 

480 

399 

439 

2:   5 

2.34 

5.17 

413 

349 

380 

3:   5 

3.51 

5.17 

308 

262 

285 

3:   6 

3.51 

6.21 

246 

213                      226 

4:  8 

4.68 

8.25 

158 

156                     157 

6:10 

7.02 

10.34 

91 

87                       89 

Table  18B.- 


-Resistances  of  Pavement  Sections  Tested  as  Beams  under  Static 
Loads  (Age  of  Specimens  1  Year)     • 
Tests  by  Bureau  of  Public  Roads 


Thick- 

Mix 

Description 

Total 
load  at 
center, 
pounds 

Modulus 

of  rupture 

lb.  per  sq. 

in. 

No.  of 
beam 

ness 

of 

base, 

inches 

Thick- 
ness of 
surface, 
inches 

Type  of  surface 

1 

l-lH-3  concrete 
do 
do 
do 
do 

do 
do 
do 
do 
do 

do 
1-3-6  concrete 
do 
do 
do 

do 
do 

4 
4 
4 
6 
6 

8 

8 

8 

10 

10 

10 
3 

4 
4 
4 

6 
6 

430 
1,330 

980 
1,080 
2,880 

3,950 
3,250 
3 , 3.50 
6,110 
5,285 

5,410 
520 
710 

710 
640 

1,520 
1,655 
1,330 
1,690 
1,560 

1,340 
1,410 
1,410 
1 .  850 
1,410 

1,520 
1,940 
1,250 
800 
1,810 

1.170 
1,910 
1,.590 
1,650 
2,040 

302 

2 

; 

5 

1 

; 

; 

5 

; 

5 
5 

\ 
\ 
J 

I 
I 

812 

3 

620 

4 

292 

5 

773 

6 

595 

7 

498 

8 

512 

9 

583 

10 

508 

11 

520 

12 

525 

13 

500 

14 

511 

15 

454 

16 

450 

17 

485 

18 

6 

399 

19 

6 
6 

3M 

3H 
3H 
4 
4 

4 
4 
4 
3 
3 

3 

4 

334 
3H 
3>4 



491 

20 

459 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

1-3-6  concrete 
do 
do 
do 
do 

do 
do 
do 
do 
do 

do 
do 
do 
do 
do 

Vertical  fiber  brick,  grout  filler 

do 

do 
Repressed  brick,  grout  filler 

do 

do 
Wire  cut  lug  brick,    grout  filler 
do 
do 
do 

do 
do 
Vertical  fiber  brick,  grout  filler 
do 
do 

433 

497 
485 
572 
412 

453 

504 
364 
245 
538 

306 
319 
362 

284 
344 
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Table  18B. — Resistances  of  Pavement  Sections  Tested  as  Beams  under  Static 

Loads.     (Continued) 


Thick- 
ness 
of 
base, 

inches 

Mix 

Description 

Total 
load  at 
center, 
pounds 

Modulvis 

of  rupture 

lb  per  sq. 

in. 

No.  of 

beam 

Thick- 
ness of 
surface, 
inches 

Type  of  surface 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 

47 

48 
49 

50 

51 
52 
53 
54 
55 

56 
57 

4 
4 
4 
4 
4 

4 
5 
5 
6 
6 

6 
6 

6 
6 

6 

6 
6 
6 

6 

7 

7 

do 
do 
do 
do 
do 

do 
do 
do 
do 
do 

do 
do 

do 
do 

do 

do 
do 
do 
do 
do 

do 

3M 

4 
4 
4 
4 

4 
3 
3 

4 

4 

4 

4 

4 
4 

4 

4 

4 
4 
4 
3 

3 

3K 
3H 
4 
4 

4 
4 
4 
4 
4 

do 
Repressed  brick,  grout  filler 

do 
Wire  cut  lug  brick,  grout  filler 

do 

do 
do 
do 
Repressed  brick,  grout  filler 
do 

do 
Wire    cut    lug    brick,    tar-mastic 
filler 

do 
Wire    cut    lug    brick,    tar-mastic 

filler  screening  cushion 
Wire    cut    lug    brick,    tar    filler, 
screening  cushion 

Wire  cut  lug  brick,  grout   filler 
do 
do 
do 
do 

do 
Vertical  fiber  brick,  grout  filler 

do 
Repressed  brick,  grout  filler 

do 

Wire  cut  lug  brick,  grout  filler 
do 
do 
do 
do 

3,185 
1,910 
1,460 
2,420 
2,110 

2,480 
2,040 
2,740 
3,510 
3,060 

4,210 
1,340 

1,910 
1,655 

825 

2,810 
2,610 
2,480 
1,850 
4,840 

2,925 
700 
950 

1,080 
955 

955 
1,020 
1,280 

900 
1,120 

463 
319 
254 
421 
304 

403 
340 
444 
400 
353 

427 
132 

184 
154 

95 

269 
305 
306 
351 

485 

358 
574 

68 

991 

59 

715 

60 

640 

61 

623 

62 

679 

63 

829 

64 

608 

65 

754 

Table  19  compares  the  value  of  Direct  Tensile  strength  tests  with 
Modulus  of  Rupture. 

Table  19 


Mix 

Ultimate  tensile  strength, 
pounds  per  square  inch 

Modulus  of  rupture, 
pounds  per  square  inch 

1:1^:3 
1:2     :4 
1:2K:5 
1:3     :6 

300  to  450 
250  to  350 
200  to  300 
150  to  250 

500  to  700 
400  to  600 
350  to  450 
250  to  400 

Modulus  of  Rupture  (Reinforced  Concrete). — The  proper  use  of 
steel  in  road  design  is  discussed  in  Chap.  III.  It  is  sufficient  to  note  at 
this  point  that  light  mesh  weighing  from  0.25  to  0.65  lb.  per  square  foot 
has  been  found  useful  in  raising  the  average  strength  of  the  concrete 
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throughout  the  slab  and  that  corner  bar  reinforcement  of  sufficient  area 
to  raise  materially  the  modulus  of  rupture  at  such  points  is  common 
practice. 

Experimental  data  on  the  effect  of  small  percentages  of  steel  on 
modulus  of  rupture  is  very  meager.  Experiments  by  the  Bureau  of 
Mines,  Lewis  Institute  (Prof.  Abrams)  and  at  Cornell  give  some  basis  for 
assumptions  in  this  matter  but  the  experiments  do  not  cover  a  very 
wide  range  of  size  and  spacing  of  steel  bars  or  wire  mesh  and  are  not 
conclusive  as  yet  (see  Table  20A  and  20B).  The  results  indicate  that 
light  bar  reinforcement  having  an  effective  area  of  less  than  %o  of  1 
per  cent  has  practically  no  effect  in  increasing  the  modulus  of  rupture  of 
the  beam.  We,  however,  know  from  experience  that  light  mesh  weighing 
about  0.25  to  0.4  lb.  per  square  foot  and  having  an  effective  area  of  about 
^ioo  of  1  per  cent  apparently  has  considerable  effect  in  reducing  interior 
cracks  though  not  much  effect  in  reducing  corner  cracks.  This  is  proba- 
bly due  to  its  action  as  a  fibrous  tie  in  equalizing  construction  imperfec- 
tions. The  use  of  even  the  light  mesh  seems  to  warrant  a  slight  increase 
in  the  value  of  (S)  for  infrequent  internal  crack  corners  held  in  close 
contact  by  longitudinal  side  bar  reinforcement.     The  use  of  corner  bar 


Table  20A. — Effect  of  Number  of  Steel  Reinforcing  Bars 

Bulletin   11,  Lewis  Institute  Chicago.     Prof.  Duff.  A.  Abrams  (1922). 
Beams:   Depth,  7  in.;  width,  10  in.;  span,  36  m. 

Longitudinal  remforcing  bars  were  spaced  equally  across  the  width  and  1  in.  from  the  bottom  of  the 
beam.     The  total  depth  of  beams  varied  from  6.9  to  7.1  in. 

Mix,  1  :  4  by  volume.     Aggregate:  sand  and  pebbles  graded  0  to  I'^A  in. 

Relative  consistency  of  concrete,  1.10;  water-ratio,  0.82. 

Age  at  test,  28  days. 

Specimens  tested  damp. 

Each  value  is  the  average  of  5  tests  made  on  different  days. 

Compressive  strength  of  6-  by  12-in.  concrete  cylinders  (average  of  115  tests)  was  2,580  !b.  per  sq.  in. 


Number  of 

Percent- 

Total 

Computed  stresses,  lb.  per  sq. 

in. 

Refer- 

ence 

^8  -in.  round 

age  of 
steel 

load  on 
beam. 

Tension 

Com- 

Shearing 

Modu- 

Type of  beam 
failure 

pounds 

in  steel 

pression 
in  top 
fiber 

Bond 

unit 

stress 

lus  of 
rup- 
ture 

7,  8 

0 

None 

7,8702 

70 

5502 

Tension 

59 

1 

0.18 

7,850 

73,0001 

1,4701 

570 

70 

5601 

Tension 

60 

2 

0.36 

10,390 

49,4001 

1,4601 

380 

90 

7301 

Tension 

61 

3 

0.54 

15,010 

49,1001 

1,8501 

380 

140 

1,0851 

Tension 

62 

4 

0.72 

19,640 

48,900' 

2,1901 

380 

180 

1,4351 

Diagonal  shear 

63 

6 

1.09 

25,820 

43,8001 

2,1601 

340 

240 

1,8851 

Diagonal  shear 

64 

8 

1.46 

28,060 

36,8001 

2,5301 

290 

270 

1,9901 

Diagonal  shear 

1  Tension  in  concrete  not  considered  in  computing  steel  stress. 
in  computing  modulus  of  rupture. 

2  Average  of  25-beam  tests. 

8 


Steel  not  considered  as  taking  stress 
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Table  20B. — Record  of  Tests  at  Cornell  University  on  Reinforced  Concrete 
Beams  5-  X  7-in.  Span,  4.0-ft.  Central  Load  (Age  28  Days) 

Gravel  Concrete 


Proportions  by 
volume 


Per  cent  of 
reinforcement 


Max. 


Min. 


Average 


1:5 
1:5 
1:5 


844  (4  tests) 
1 ,  032  (4  tests) 
1 ,  175  (4  tests) 


Crushed  Stone  Concrete 

1:13^:33-2 
1:13^:3M 
1:13^:3K 

0.47                  1,430 
1.07                  1,720 
1.89                  2,100 

916 
1,123 
1,500 

1 ,  159  (6  tests) 
1,344  (6  tests) 
1,880  (6  tests) 

Percentage  of  Remforcemenf 
L5  1.0  1.5  2.0 


2000 


0.5  1.0  1.5  2.0 

Percentage  of  Reinforcemenf 


Percentage 
Reinforcement 

Adopted  Allowable 
Tension  Value  (S) 
I'.l'/z:  3  Concrete 

0.0 

400  lbs. per  sq.  in. 

0.1 

460    I)     )7    ')    »> . 

0.2 

470    »     1)     "     » 

0.3 

580    .)     »     >-    " 

0.4 

670    '!     ')    1)    V 

0.5 

760    "     "    '1    " 

Fig.  42. — Effect  of  steel  reinforcement  on  modulus  of  rupture  of  concrete. 
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reinforcement  having  an  effective  area  of  0.2  per  cent  or  more  has  a 
decided  vakie  as  determined  by  both  experiment  and  practice.  The 
effect  of  different  percentages  of  reinforcement  on  modulus  of  rupture 
and  the  tentative  recommended  values  for  (*S)  tension  are  shown  in 
Fig.  42.     These  values  are  based  on  Table  20. 

Even  with  considerable  more  experimental  data,  the  effect  of  steel  in 
actual  design  would  be  open  to  uncertainty  for  the  following  reasons. 
Road  slabs  are  so  thin  that  even  small  variations  in  location  of  the  steel 
upsets  its  theoretical  effect  as  regards  tension.  Even  with  the  most 
intelligent  labor  and  inspection  considerable  variation  occurs  so  that  the 
net  practical  value  of  steel  as  a  tension  reinforcement  is  open  to  consider- 
able uncertainty.  For  the  thicker  slabs  7  to  8  in.  reasonably  close 
assumptions  can  be  made.  These  depths  give  bars  some  chance  to 
actually  work.  For  slabs  less  than  7  in.  deep  steel  is  of  little  value  in 
raising  tension.  In  these  slabs  its  value  is  confined  to  equalization  and 
contact  uses  as  later  discussed.  For  the  purposes  of  this  discussion  the 
relation  between  depth  of  slab  and  theoretical  tensile  effectiveness  of  steel 
is  assumed  as  follows: 


Assumed  effectiveness  (S) 

Depth  of  slab,  inches 

Mesh  reinforcement, 
per  cent  theoretical^ 

Corner  bars, 
per  cent  theoretical 

7^  or  more 

100 

100 

7 

100 

90 

6K 

80 

60 

6 

50 

0 

1  Light  mesh  reinforcement  can  be  safely  placed  nearer  the  surface  of  the  concrete 
than  }4-  or  %-iii-  bar  reinforcement. 

The  actual  value  of  steel  is  really  more  a  matter  of  cut  and  try  than 
it  is  of  theoretical  design  but  this  data  serves  as  a  basis  for  judgment. 

Wheel  Load  Factor  (W). — The  wheel  loads  were  discussed  on  page 
82.  The  reader  is  referred  back  to  that  data  which  recommended 
the  following  design  loads  for  Class  I  and  II  Traffic.  These  recommended 
design  wheel  loads  include  an  allowance  for  impact  and  apply  to  districts 
in  which  the  gross  vehicle  load  is  limited  to  28,000  lb. 

Figures  47  to  51,  which  show  graphically  the  theoretical  depths 
obtained  from  the  use  of  the  corner  load  formula,  consider  a  range  of 
design  wheel  load  from  6,000  to  20,000.  As  a  rule  9,000  lb.  is  the  least 
design  load  apphcable  to  actual  traffic  conditions  and  16,000  lb,  the 
maximum.  There  are  unusual  cases,  however,  where  20,000-lb.  load 
does  occur  today  (1922)  (see  Appendix  C,  Massachusetts  Traffic  Report). 
Such  loads  violate  legal  statutes  and  their  occurrence  shows  the  necessity 
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for  police  regulation  unless  adequate  depth  provision  is  made  for  their 
occurrence. 

Table  of  Recommended  Design  Wheel  Loads  for  Districts  Having  a 
28,000-LB.  Legal  Maximum  Limit 


Type  of  pavement 

Design  wheel ' 

load  (W), 

pounds 

Asphaltic  concrete  on  cement  concrete  base 

12,000 

Asphalt  block  on  cement  concrete  base 

14,000 

Plain  or  reinforced  cement  concrete 

14,000 

Brick  (cement  grout)  concrete  base 

14,000 

Monolithic  brick 

14,000 

Brick  (Bituminous  filled)  bit  sand  cushion 

Brick  (Bituminous  filled)  cement  sand  cushion 

Stone  block    

14,000 
15,000 
16,000 

^  The  differences  are  due  to  variation  in  impact  allowance  for  different  surfaces. 

Location  and  Distribution  of  Load  at  Joints  (J). — Both  the  location 
and  distribution  of  loads  affect  the  value  of  J  (effective  load  applied 
at  extreme  corner  of  slab). 

Critical  Location  of  Load. — There  are  two  general  classes  of  slab 
corners,  exterior  and  interior  (Fig.  43).  Wheel  loads  can  be  applied 
very  close  to  the  extreme  corner  along  the  outer  edges  of  pavements  with 
earth  shoulders.  It  is  impossible  to  apply  the  full  wheel  load  at  interior 
corners  closer  than  about  6  in.  from  the  extreme  point.  This  means  that 
it  is  not  possible  for  the  load  moment  to  be  as  great  at  interior  corners  as 
along  the  outer  edge  of  pavements  having  earth  shoulders.  This  condi- 
tion in  conjunction  with  other  factors  later  discussed  indicates  in  a 
general  way  that  Monolithic  Rural  Highway  Pavements  constructed 
without  raised  curb  edges  should  be  designed  stronger  along  the  outer 
edge  than  along  central  joints.  This  conclusion  is  borne  out  by  observed 
failures  fewer  of  which  occur  along  central  joints  than  along  the  outer 
edge.  Recent  designs  recognize  this  fact  by  specially  strong  outer 
edge  design  (see  Chap.  III).  City  Street  Pavements  with  raised  curbs 
have  only  one  class  of  corner  namely;  Interior  Classification. 

The  exact  effect  of  this  difference  in  location  of  load  on  values  for  J 
is  not  known  but  a  rough  approximation  can  be  made.  Corner  cracks 
rarely  start  at  more  than  30  in.  to  36  in.  away  from  the  corner  point  and 
generally  at  less  distance.  If  we  assume  36  in.  as  an  extreme  distance  a 
difference  of  6  in.  in  moment  arm  would  reduce  the  load  moment  about 
15  per  cent  for  interior  corners  which  is  a  conservative  allowance.  The 
finally  adopted  values  for  J  may  well  be  about  15  to  20  per  cent  less  for 
interior    corners   than   for   exterior    corners.     Distribution    of   load    at 
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joints   is   however  the  main  factor  in  determining  reasonable  values 
for  J. 

Distribution  of  Wheel  Loads  at  Joints. — The  distribution  of  load 
between  adjacent  slabs  at  joints  and  cracks  is  a  variable  and  indefinite 
factor.  In  monolithic  pavements  it  depends  largely  on  the  degree  of 
contact  which  is  much  better  during  the  day  than  at  night  and  better 
in  the  summer  than  in  the  winter.  The  use  of  steel  tie  members  in 
concrete  increases  the  contact,  at  least  temporarily  (see  Chap.  III).  For 
pavements  with  separate  concrete  bases  and  top  surfacing  courses  like 
asphaltic  concrete,  semi-monolithic  brick,  etc.,  it  is  certain  that  the  dis- 


Corner  Crack 


Truch  Wheel- 
Earth 
Shoulder 


Fig.  43. — Location  of  critical  wheel  loads  at  internal  and  external  corners. 


tribution  of  load  over  base  cracks  is  much  better  than  for  the  monolithic 
slab  type.  Most  of  the  experimental  data  deals  with  distribution  at 
joints  in  monolithic  concrete  and  brick.  These  types  will  be  given  first 
consideration  and  the  values  adopted  can  then  be  modified  for  the  other 
types  by  data  which  compares  this  factor  in  an  indirect  manner. 

Monolithic  Slab  Joint  Distribution. — Table  21  taken  from  an  article 
by  H.  F.  Clemmer  of  the  Illinois  Department  of  Highways  and  C.  A. 
Hogentogler,  U.  S.  Bureau  of  Public  Roads  is  probably  as  reliable  data 
as  can  be  obtained  at  present  (1922).  This  table  shows  a  wide  range  in 
values. 

It  is  possible  that  under  favorable  conditions  the  load  may  be  equally 
distributed  between  adjacent  slabs  but  this  is  not  likely  to  be  the  case 
for  many  cases  at  cracks  in  the  plain  concrete  slab  type  or  at  expansion 
joints  filled  with  bitumen.  For  the  most  adverse  conditions  of  contact, 
a  single  corner  may  carry  the  entire  wheel  load.  At  expansion  joints 
it  is  not  unhkely  that  this  condition  occurs  at  intervals  but  as  the  factor 
of  safety  of  the  formula  is  to  be  provided  by  the  soil  contact  factor  it  is 
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not  advisable  to  assume  the  highest  possible  value  for  J.     Values  are 
derived  as  follows  for  Plain  Concrete  Pavements: 

As  defined  on  page  106,  J  =  3  X  the  effective  part  of  the  wheel 
load  actually  applied  at  the  extreme  corner.  The  effective  part  is 
made  up  of  the  part  of  wheel  load  W  carried  by  a  single  corner  modified 
for  location  of  this  load.  The  extreme  possible  range  for  exterior  corners 
ranges  from  LOW  to  0.5W  applied  at  the  extreme  point.  This  would  give 
a  possible  range  of  value  for  J  at  exterior  corners  of 


Wheel  load  carried  by 

Value  of  / 

single  corner 

(exterior  corners) 

0.5W 

1.5 

0.6TF 

1.8 

0.7TF 

2.1 

0.8W 

2.4 

0.9W 

2.7 

LOW 

3.0 

The  value  of  2.6  is  considered  safe  and  reasonable  for  exterior  corner 
condition  in  Plain  Concrete  Slab  Design.  Interior  corner  value  is 
reduced  15  per  cent  giving  a  value  of  2.2  recommended. 

In  pavements  containing  embedded  steel  the  distribution  at  expansion 
joints  is  the  same  as  for  the  plain  concrete  type.  Where  joints  or  cracks 
not  subject  to  expansion  movement  are  held  in  contact  by  tie  bars  or 
dowels  the  distribution  is  materially  increased.  Some  designers  advocate 
values  for  J  based  on  a  50  per  cent  distribution  but  this  seems  rather 
optimistic.  We  recommend  a  value  for  exterior  corners  based  on  0.7 W 
which  equals  2.1  reduced  to  1.7  for  interior  corners. 

The  adoption  of  values  for  J  as  applied  to  two  course  pavements  such 
as  asphaltic  concrete,  block  pavements  etc.,  depends  on  indirect  com- 
parison of  the  action  of  these  pavements  with  the  monolithic  type 
under  traffic  and  experimental  beam  tests.  These  values  for  two  course 
pavements  are  still  in  the  speculative  stage  but  if  they  are  adjusted  to 
produce  rational  results  in  conjunction  with  the  values  for  W  and  S  which 
are  fairly  certain  there  is  some  justification  for  the  use  of  the  corner  load 
formula  in  connection  with  the  design  of  two  course  pavements. 

Any  top  course  adds  something  to  the  resistance  of  the  concrete  base 
by  its  effect  on  wheel  impact,  increase  in  the  reliability  of  load  distribu- 
tion over  base  cracks,  reduction  in  probability  of  load  being  applied  at 
the  extreme  corner  of  the  base  slab  and  reduction  in  probability  of  surface 
water  seepage  through  cracks  to  the  underlying  subgrade.  Of  these 
considerations  J  is  only  affected  by  distribution  and  location  of  load. 
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The  recommended  values  are  based  on  the  consensus  of  opinion  of 
engineers  in  western  New  York  and  on  experimental  results  recorded 
in  Appendix  D  (Bates  Road)  and  the  following  quotation  from  an 
article  by  C.  A.  Hogentogler,  U.  S.  Bureau  of  Public  Roads,  Nov.  1921, 
summarizing  recent  Arlington  experimental  tests: 

The  monolithic  brick-concrete  slabs  in  most  cases  showed  less  resistance  than 
the  1:13^:3  concrete  slabs  of  the  same  depth.  Failure  of  the  former  seemed  to 
result  from  the  shearing  of  the  brick  top  from  the  concrete  base  before  full 
resistance  of  the  monolithic  was  developed.  This  allowed  the  specimens  to  develop 
at  most  only  the  sum  of  the  resistance  of  the  two  parts.  The  monolithic  sections 
tested  as  beams  under  static  loads  failed  in  the  same  way,  but  the  resistance  of  the 
beams  seemed  to  be  slightly  in  excess  of  the  sura  of  the  top  and  bottom  strengths, 
while  the  slab  resistances  compared  favorably  with  the  sum  of  the  resistances  of 
the  two  parts.  This  would  indicate  that  higher  shearing  stresses  are  developed 
by  impact  than  by  equivalent  static  loads. 

With  possibly  one  exception  (slab  106)  the  grouted-brick  tops  with  sand- 
cement  cushions  on  concrete  bases  showed  less  resistance  than  the  monolithic 
sections. 

Grout-filled  brick  tops  with  sand  and  screening  cushions  on  concrete  bases 
showed  slightly  greater  resistances  than  would  be  expected  from  the  bases  alone. 

Grout-brick  surfaces  compared  favorably  with  l:l}i:'3  slabs  of  equal  thick- 
ness, while  grouted-brick  beams  showed  resistances  in  excess  of  those  offered  by 
equal  thicknesses  of  1:  IM'-^  concrete. 

As  would  be  expected  the  beam  strengths  of  the  bases  were  not  much  increased 
by  bitumen-filled  brick  tops. 

Recommended  Values  (J)  Two  CorrRSE  Pavements 


Type  of  pavement 

Value  of  (J) 
interior  corner  classification 

Asphaltic  concrete  pavements 

Block  pavements  (bituminous  joints) 

1.2to  1.3 
1 . 2  to  1.3 

Block  pavements  (cement  grout  joints) 

0.8  to  0.9 

Recommended  Values  (J)  Monolithic  Pavements 

Type  of  pavement 

Value  (J) 
exterior  corners 

Value  (J) 
interior  corners 

Plain  concrete 

2.6 
2.6 

2.6 
2.1 

2.2 

Monolithic  brick 

2.2 

Reinforced  concrete 

At  expansion  joints 

2.2 

At  cracks  or  contraction  joints  with  bar  ties. . . 

1.7 
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Soil  Support  (Percentage  Modification  Factor  P).— As  this  is  the  most 
indefinite  element  of  the  problem  it  seems  desirable  to  adopt  values  which 
are  on  the  safe  side  and  in  this  way  provide  the  necessary  factor  of  safety 
for  the  formula.     The  depths  directly  computed  by  the  formula  d  = 

-J*—   assume  complete  loss  of  soil  support.     If  soil  support  is  given 

some  consideration  in  design  it  is  recognized  by  an  arbitrary  percentage 
modification  of  depths  and  the  percentage  used  must  agree  with  the 


.4  B 

Figs.  44,  A  and  B. — Photographic  evidence  of  loss  of  soil  support  due  to  temperature 
warping  of  monolithic  concrete  pavement  slab.  (Courtesy  of  Illinois  Dept.  of  Highways, 
Bates  Road  Tests.) 

observed  action  of  pavements  under  traffic  tests  on  different  subsoils. 
For   practical   application   to   design   the  formula  may  be  written  as 

d  =P\I—Q-'  where  P  represents  the  soil-support  factor. 

Engineers  differ  considerably  in  regard  to  the  allowable  reduction  in 
depth  due  to  partial  soil  support;  they  are  however  practically  unanimous 
in  agreement  that  some  allowance  should  be  made  for  the  factor  particu- 
larly where  a  rigid  pavement  is  laid  on  top  of  an  old  firm  macadam  road 
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in  reconstruction  programs.  Where  really  unstable  subgrades  such  as 
muck  or  quicksand  are  encountered  it  is  necessary  to  stabilize  the  sub- 
grade  by  means  of  gravel  or  cinder  subbase  well  underdrained  before  the 
rigid  pavement  can  be  laid  with  any  degree  of  success.  The  value 
assigned  to  (P)  has  an  important  effect  on  the  practical  value  of  the 
formula. 

If  the  complete  loss  of  soil  support  were  a  common  continuous  occur- 
rence on  the  ordinary  subgrade  soils  such  as  loams  and  the  stiffer  clays 
we  would  have  had  a  larger  percentage  of  failure  on  some  of  our  old  thin 
rigid  pavements  than  has  actually  been  the  case.  This  indicates  that 
these  soils  usually  give  some  support.  On  the  other  hand  there  have  been 
enough  observed  failures  to  indicate  that  it  is  not  safe  to  assume  much 
support  from  these  soils  under  adverse  conditions.  The  following  short 
quotation  from  Bulletin  18,  Bates  Experimental  Road,  gives  experimental 
data  in  connection  with  the  loss  of  soil  support  due  to  temperature 
warping. 

The  curling  of  the  edges  of  a  concrete  slab  18  ft.  wide  may  be  sufficient  to 
render  the  most  perfect  of  subgrades  ineffective  under  the  edges  of  the  slab. 
This  can  be  readily  determined  without  the  aid  of  accurate  measuring  devices. 
To  visualize  this  condition  the  photographs  shown  on  page  121  were  made: 

This  data  indicates  that  monolithic  pavements  having  slab  widths  of 
10  ft.  or  less  and  the  usual  two  course  pavements  having  widths  of  20 
ft.  or  less  generally  receive  some  benefit  from  soil  support  at  edges  and 
corners.  Experience  indicates  that  if  we  adopt  values  for  (P)  of  1.1  for 
wide  monolithic  slabs  and  values  of  0.8  to  1.0  for  narrow  slabs  and  two 
course  pavements  that  the  results  are  safe.  The  following  values  for  P 
depending  on  the  character  of  the  subgrade  seem  to  be  about  as  good  a 
guess  as  can  be  hazarded  at  present  (1923): 


Subgrade  conditions 


Type  of  pavement 


Adopted  formula 


Ordinary  loams  and  claj'S. 


Coarse  gravels  or  macadams. . 


Quicksand  and  muck. 


Wide  monolithic  slabs. 

Narrow    slabs    or    two 
course  pavements . . 

Wide   monolithic. . . . 


Narrow  slabs    or    two 
course  pavements.  . 


d  =  1.1 
d  =  1.0 


V 


d  =  1.0^' 
d  =  0.9  J' 


JW 

S 

JW 

s 

JW 

s 
jW 

s 


Wide  monolithic. 


Narrow   monolithic    or 
two  course  pavements 


'JW 
Subbase  +  d  =  1.1  \/— h- 


Subbase  +  d 


"V^ 


JW 

s 
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Curling  Action  of  Slats 
45. — Bates  road  experiments  on  rigid  slab  warping  due  to  temperature. 


Summary  of  Discussion  of  Factors. — The  preceding  discussion  out- 
lines the  wide  range  of  possible  values  for  each  of  the  factors  in  the  formula 


Fig.  46. — Central  longitudinal  joint  construction  18  ft.  width  cement  concrete  pavement 

constructed  half  at  a  time. 
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d  =  P  -yZ-q-'     There  is  enough  variation  in  these  values  to  give  some 

theoretical  justification  for  practically  any  depth  in  common  use.  The 
range  in  values  shows  that  proper  design  depends  very  largely  on  the 
judgment  of  the  designer.  The  student  may  well  bear  in  mind  however, 
that  many  engineering  formulae  such  as  sewer  runoff,  etc.  which  have 
been  found  very  useful  in  practice,  are  susceptible  to  the  same  variation 
in  final  results  and  that  the  values  of  such  formulae  have  been  gradually 
increased  by  modifying  experimental  factor  values  to  agree  with  actual 
service  tests.  A  formula  of  this  nature  is  very  useful  in  coordinating 
the  experience  of  a  large  number  of  different .  men  working  on  the  same 
general  problem  as  it  affords  a  convenient  means  of  expressing  their 
experience  in  mathematical  form. 

The  practical  use  of  the  corner  load  formula  is  illustrated  in  the 
following  pages  for  each  common  type  by  showing  the  range  in  possible 
values,  giving  a  recommended  set  of  values  for  normal  conditions  and 
computing  the  depths  required  for  different  wheel  load  limits.  These 
results  are  compared  with  ordinary  practice.  It  is  not  likely  that  the 
recommended  depths  can  be  safely  changed  more  than  5  to  10  per  cent  for 
normal  conditions.  For  special  traffic  conditions  changes  can  be  made 
in  the  factor  values  but  it  is  not  desirable  to  use  a  combination  of  all 
high  or  all  low  values. 

Plain  Concrete  Pavements. — Chapter  III  discusses  joint  details, 
richness  of  mix,  etc.  Design  is  based  as  a  rule  on  a  system  of  longitudi- 
nal and  transverse  joints  which  divide  the  pavement  into  slabs  of  from 
8  to  12  ft.  width  and  from  30  to  40  ft.  length,  which  usually  controls  the 
natural  tendency  of  the  pavement  to  crack  under  temperature  and  frost 
action.  That  is,  some  intermediate  cracking  will  occur  but  the  intersec- 
tion of  joints  and  infrequent  internal  cracking  are  at  approximately  90°- 
angles.  Richness  of  mix  varies  from  1:2:4  on  unimportant  roads  to 
1 : 1)^ :  3  on  main  heavy  traffic  roads.     Factor  values  and  resultant  depths 


are  indicated  as  follows  for  the  formula  d       ^   ^ ,    „ 


Recommended    Factor    Values    for    Class    I  and    II    Roads    in    Districts 
Permitting  a  28, 000- lb.  Gross  Vehicle  Load 


Design  wheel  load,  including  impact  (TF),  pounds 

Load  distribution  (J)  exterior  corners 

Load  distribution  (J)  interior  corners 

Design  tensile  stress  (S)  1:13^:3  mix,  pounds  per  square  inch. 
Design  tensile  stress  (S)  1:2 -A  mix,  pounds  per  square  inch. . . . 

Soil  support  factor  (P),  ordinary  soils 

Soil  support  factor  (P),  gravel  and  macadam 


14,000 
2.6 
2.2 
400 
360 
1.0 
0.9 
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This  results  in  the  following  recommended  theoretical  depths  for 
1:1>^:3  mix  (28,000  lb.  vehicle  load). 

Ordinary  Foundation  Soils 


Outer  edge  of  pavement  d  =  1.0  ^2.6(14,000)  ^  g^  j^^ 
Interior  areas  of  pavement  d  =  1.0  .^'2.2(14,000)  ^  g  g  ^^  , 

Gravel  or  Macadam  Foundation 


Outer  edge  of  pavement  d  =  0.9  ^/2-6(14,000]  ^  g  ^  -^^ 
^         ^  \       400 

Interior  areas  of  pavement  d  =  0.9  ^2.2(14,000)  ^  -.  g  -^^  , 

Variation  in  depth  due  to  changes  in  the  design  wheel  load  are  shown 
in  Fig.  47  below. 

Ordinary  practice  in  plain  concrete  road  design  uses  average  depths 
of  from  5)^  to  11  in.  (see  Table  22,  page  136,  and  Chap.  Ill  for  details). 


J2 


u 


10 


—  9 


H   ,.= 


6  U. 


- 

= 

" 

Exter 
C 

ior  Edge  1 
)rdinary  S( 

hicknecs 

y^ 

/ 

y 

E 

a 

■M 

Interior  ' 
Ordin 

Thickness 
iry  Soils 

N 

\ 

= 

- 

e 

—           3 

A 

>■ 

E 

/ 

Ezter 
Macac 

ior  Edge  T 
lam  or  Gra 

hickness 
irel  Soils 

E 

E 

--^. 

-^ 

A." 

Mac 

terior  Thi 

idam  or  Gr 
1 

:knejs 

ivcl  Soil; 

1 

1 

E 

(III  Mil 

nil    lill 

IIMIIIM'IIIIIIIIMlllllllll 

ililiihl 

lllllllll 

IIIMIII! 

t2 


W 


10 


6000  8000        10000       12000      14000        16000       18000      20  000 

Design  Wheel  Load  in  lbs,  (Includes  Impact  Allowance) 

ZVl  ton  truck  f  16  OOOIbc. gross  load)  Design  Wheel  load  9500  lbs. 
5        <«        »    (22  000"     '•         •'   )         '<  ••       "    11500" 

7       "        »   (28  000"     •'        ")         ♦.  ..      "    14  000" 

Fig.  47. — Theoretical  thickness  plain  concrete  slabs  8  to  12  ft.  wide  1:  1^:  3  mix  (crushing 
strength  28-day  age  3,000  to  4,000  lb.  per  square  inch). 

1  Interior  area  classification  applies  to  total  width  of  curbed  streets. 
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Where  pavements  are  constructed  over  new  trenches  (culverts  or 
sewers)  which  will  surely  settle  the  slab  depths  at  such  localized  places 
are  designed  on  the  principle  of  bridge  slab  depths  with  extra  bottom 
reinforcement  (see  page  129). 

While  a  considerable  milage  of  plain  concrete  pavements  have  been 
constructed  and  are  serving  moderately  well  the  tendency  in  design  is  to 
use  some  steel  as  considered  in  the  next  section. 

Reinforced  Concrete  Pavements. — These  pavements  are  designed  on 
the  same  general  arrangement  of  joints  as  the  plain  concrete  except  that 
the  length  of  slab  is  usually  somewhat  greater  (40  ft.  being  a  common 
length).^  The  following  theoretical  depths  consider  steel  100  per  cent 
effective  for  tie  purposes  but  of  little  effect  in  increasing  tensile  strength 
for  slabs  less  than  G}^  in.  thick.  The  depth  of  the  pavement  is  computed 
on  the  basis  of  corners  at  intermediate  cracks  between  expansion  joints 
where  good  contact  is  fairly  certain.  Corners  at  expansion  joints  are 
given  the  same  thickness  as  close  contact  corners  and  the  necessary 
additional  bar  reinforcement  is  provided  to  take  care  of  the  extra  stress 
due  to  poorer  joint  distribution. 

Recommended  Factor  Values.     Class  I  and  II  Roads  in  Districts  Permitting 
A  28,000-LB.  Gross  Vehicle  Load 

Design  wheel  load  including  impact  (W),  pounds 14,000 

Load  distribution  (J)  exterior  corners 2.1 

Load  distribution  (/)  interior  corners 1.7 

Load  distribution  (J)  exterior  expansion  joints 2.6 

Load  distribution  (J)  interior  expansion  joints 2.2 

Design  tensile  strength  for  all  parts  of  slab  except  ] 

at  expansion  joint  corners  assuming  0.3  to  0.4  [  1:13^:3  mix,  pounds —  450 

lb.  mesh  reinforcement  per  square  foot  and  side   f  1:2     :4  mix,  pounds.. . .  420 

tie  bars.  J 

If  mesh  is  omitted  and  tie  bars  alone  used  the  tension  value  (S)  is  recommended 

at  400  lb.  per  square  inch  (1:1>2:3  mix)  and  360  lb.  (1:24  mix)  using  J  values  for 

tight  contact  (see  Fig.  48^). 

Soil  support  factor  (P),  ordinary  soils 10 

Soil  support  factor  (P),  gravel  or  macadam 0.9 

This  results  in  the  following  recommended  depths  and  corner  rein- 
forcement for  1:13^^:3  mix.  (28,000  lb.  gross  vehicle  load). 


Ordinary  Foundation  Soils 
Outer  edge  of  pavement  d  =  1.0  yj^^^^991  =  8.1  in. 
Interior  areas  of  pavement  d  =  1.0  xj         .A ~  =  7.3  in.' 


1  On  account  of  future  surfacings  of  bituminous  concrete  33  ft.  is  probably  a  better 
spacing  to  reduce  localized  movement. 

2  Interior  area  classification  applies  to  total  width  of  curbed  streets.     Design  tensile 
stress  at  expansion  joint  corners. 
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Design  tensile  stress  at  expansion  joint  corners. 


Outside  corner  S  = 


Inside  corner 


JW       2.6(14,000) 


d2 


.V 


=  550  lb. 


2.2(14,000) 
7.32 


580  lb. 


Figure  42,  page  114,  indicates  that  a  design  stress  of  580  lb.  requires 
approximately  0.3  of  1  per  cent  area  of  reinforcement.  This  applies  for 
the  sectional  area  of  the  slab  back  about  30  in.  from  the  extreme  corner. 
Size  and  spacing  of  corner  bars  are  based  on  this  data. 


Gravel  or  Macadam  Foundation 


Outer  edge  of  pavement  d  =  0.9  -J-l^^^M^O)  =  7.3  in. 

Interior  areas  of  pavement  d  =  0.9  \/-— ^ — =  6.6  in.^ 

\         450 

2.6(14,000) 


IW 
Outside  corners  5  =  0.8  -p-  =  0.8 


Interior  corners 


0.8 


7.32 

2.2(14,000) 

6.6= 


=  550  lb. 
=  570  lb 


Expansion  joints 


Requires  0.3  of  1  per  cent  reinforcement. 


Concrete  I:tH:3  Mix  Crushing  Strength  (28  days)  3000  to  4000  Ifcs. 
Reinforcement —  Mesh  and  Bar. 

Mesh  0.3  to  0.4  lbs.  per  sq.  ft.  ,, 

Total  Corner  Steel    0.3  cf  one  %   Section  area  for  30   from  Corner 

Side  Tie  bars    (  See  Chapter  3  ) 
Central  Longitudinal  Joint. 


6000 


80C0        to  000      12  000      J4  000      t6  000      tSOOO     20  000 
Design  Wheel  Load,  in  lbs.  (Include  Impact  Allowance) 


Fig.  48. 


3V2  ten  truck  (16  000  lbs.  gross  load)  Design  Wheel  load  9500  lbs. 
5       '«        "     (22  000  "        "       "  )        "  "       "  II  500  " 

7       "        .<     (28  COO  "        "       ")        "  "      "  14  000   " 

Note:       The  difference  in  the  general  shape  of  this  curve  from  the  plain  Concrete 

curve  is  due  to  the  decreasing  effectiveness  of  steel  for  slabs  less  than  7  thick 

-Theoretical  thickness  reinforced  cement  concrete.     1:  1/^:3  mix,  mesh  and  bar 
'  reinforcement,  transverse  and  longitudinal  joints. 


•  Interior  area  classification  applies  to  total  width  of  curbed  streets.    Design  tensile 
stress  at  expansion  joint  corners. 
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Theoretical  variation  in  depth  due  to  changes  in  the.  design  wheel 
load  are  shown  in  Figs.  48  and  48^  for  1 :  1^  :3  mix  with  different  kinds 
of  reinforcement. 

Effect  of  Steel  on  Depth. — A  comparison  of  Figs.  47,  48  and  48A 
indicates  that  the  use  of  tie  and  corner  bars  reduces  the  required  thick- 

Concrctc  1:1^:3  Mix  Crushing  Strength  (28  days)  3000  to  4000  lbs. 
Reinforcement  Side  Tic  Bars  (Sec  Chapter  3) 

Corner  Bar  Reinforcement   0.3  of  one  %    Section 
Area  for  30  back  from  Corner 
,,  Central  Longitudinal  Joint .  ,, 


U 


Exterior  Edge  Thickness 
Ordinary  Soils 


JO 


6000 


8000         10000       J2000       UOOO      UOOO       18000       20000 
Design  Wheel  Load  in  lbs.  (  Includes  Impact  Allowance.) 


3V2  ton  truck  ( J 6  000  lbs.  gross)  Des  gn  'Wheel  load    9500  lbs, 
5       .<        ..    (22  000  '♦       ♦'  )        "  "      "    n  500  " 

7       «*        «    (28  000  »<       ")         "  "       '<   14  000   " 

Fig.  48.4. — Theoretical  thickness  reinforced  concrete  1:  l^'^:  3  mix,  side  tie  bar  and  corner 
bar  reinforcement,  transverse  and  longitudinal  joints. 

ness  of  plain  concrete  slabs  about  an  inch  and  that  the  use  of  mesh,  tie 
bars  and  corner  bars  reduces  the  required  depth  of  concrete  about  one 
and  a  half  inches.  This  apphes  only  for  load  conditions  requiring  depths 
of  plain  concrete  of  8  in.  or  more.  Expressed  in  terms  of  money,  tie  and 
corner  bars  reduce  the  cost  of  concrete  about  $0.04  a  square  foot  (1922  cost 
conditions)  and  tie,  corner  bars  and  mesh  reduce  the  cost  of  the  concrete 
about  $0.06  per  square  foot.  The  cost  of  the  steel  used  as  reinforcement 
should  not  exceed  these  limits.  The  cost  of  steel  reinforcement  is  usually 
less  than  this  amount  which  indicates  that  the  use  of  steel  is  economically 
desirable. 

Ordinary  practice  in  reinforced  concrete  pavement  design  uses  average 
depths  of  from  5  to  8  in.  For  relative  depths  of  sides  and  edges  and 
reinforcement  details  see  Chap.  III. 

Depth  over  Trenches. — Where  pavements  are  constructed  over  new 
trenches  (culverts  or  sewers)  which  will  surely  settle,  the  slab  depths  at 
such  localized  places  should  be  thickened  and  given  additional  bottom 
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reinforcement  to  conform  with  bridge  floor  slab  practice.  The  following 
table  indicates  in  a  general  way  the  maximum  width  of  trench  it  is  safe 
to  span  with  standard  road  slabs  of  l-.l}/^:^  mix  for  different  legal  load 

limits  based  on  tormiila  (sate  span)  =  — ^ — 


Approximate  maximum  allowable  trench 

width  safe  to  span  without  additional 

thickening  (1:  13-2:3  Mix)  in  feet 

Maximum  load 

Column  headings  are  depths  of  standard 
pavement  slabs 

6  in. 

•  7  in. 

8  in. 

9  in. 

3K-ton  truck  (16,000  lb.  gross) 

5     -ton  truck  (22,000  lb.  gross) 

7     -ton  truck  (28,000  lb.  gross) 

4.0 

3.5 
3.0 

5.5 
5.0 
4.5 

7.5 
6.5 
5.5 

9.5 

8.0 
6.5 

Note. — These  widths  assume  beam  action.     That  is,  joints  must  not  be  con- 
structed directly  over  a  trench. 

Trend  in  Design. — A  comparison  of  the  following  table  of  Current 
Practice  depths  with  the  preceding  discussion  of  recommended  theoreti- 

Table  of  Range  in  Depth  of  Concrete  Pavements.     Current  Pu.'iCTiCE,  1919-^ 

1922  IN  Inches 


State 

Plain  concrete 

Reinforced  concrete 

Arizona 

California 

Connecticut 

Illinois 

Indiana 

Maryland 

Massachusetts 

5M  to    9 
6 

6  to    9 

7  i,o    8 
%\i  to    8 

5  to    6 

6  to    9 

7  to    8 

IVi  to    8 

7M 

8 

Minnesota 

New  Jersey  (1922) 

8 
6      to  lOK 

New  Jersey  (1919) 

New  York 

6      to    7 

Pennsylvania 

Rhode  Island 

7      to    9 
6      to    8 
6      to  111 

6  to    9 

7  to    8 

6      to    8 
6      to    8 

Washington  1 

6      to  IP 

West  Virginia 

Wisconsin 

1  State  of  Washington,  11-in.  depth  for  short  distances  where  settlement  may  occur. 
Note. — The    preceding    theoretical    analysis  indicated   the  following  depths   as 
reasonable  for  a  28,000-lb.  gross  vehicle  load.     Ordinary  foundation  soUs. 

Plain  concrete  (1 :  IM :  3  Mix) 8?^  to  9^:^  in. 

Reinforced  concrete  (1 :  1^-^ :  3  Mix) 7^^  to  8^  in. 
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cal  depths  shows  that  with  the  exception  of  a  few  of  the  states,  the 
maximum  thickness  in  common  use  is  somewhat  less  than  the  theoretical 
depths  developed  for  a  28,000  lb.  gross  vehicle  limit. 

These  theoretical  depths  are  based  on  the  maximum  statutory  load 
adopted  in  a  number  of  the  thickly  settled  states  as  it  is  believed  that 
loading  on  main  roads  will  tend  to  increase  to  the  hmit  permitted  by 
law.  As  previously  discussed  the  rigid  type  of  pavement  is  rarely 
economical  on  moderate  or  light  traffic  roads  so  the  theoretical  depths 
have  been  developed  to  represent  Class  I  Traffic  requirements.  The 
states  using  depths  as  developed  by  these  formulae  are  generally  thickly 
settled  with  large  cities  and  a  heavy  volume  of  commercial  trucking  on 
the  main  intercity  routes.  The  author  believes  that  a  rigid  pavement  is 
not  usually  justified  unless  such  conditions  prevail  but  a  great  many 
localities  are  building  lighter  concrete  roads  for  lighter  traffic.  If  the 
designer  is  willing  to  recognize  that  he  is  taking  a  chance  and  considers 
the  concrete  pavement  as  a  temporary  expedient  with  the  idea  of  capping 
it  in  a  short  time  with  some  standard  renewable  surface,  it  may  be  justi- 
fiable to  reduce  the  depth  to  that  required  for  two  course  pavement  bases. 
Under  this  line  of  reasoning  the  following  minimum  depths  have  some 
justification  on  the  basis  that  the  proposed  future  surfacing  will  raise  the 
strength  of  the  finally  completed  pavement  up  to  that  required  for  a 
28,000-lb.  gross  vehicle  load. 

Plain  Concrete— 1 :  1^ :  3  Mix 6)^  in. 

1:2     :4  Mix 7      in. 

Reinforced  Concrete — 1 :  13^ :  3  Mix 6  in. 

1:2     :4  Mix 6^  in. 

It  however  seems  undesirable  to  carry  this  idea  too  far  as  it  tends  to 
discredit  this  type  of  pavement  which  is  a  very  useful  and  economical  type 
if  properly  designed  for  roads  carrying  from  2,000  to  6,000  vehicles 
daily  (see  Chaps.  Ill  and  IV). 

Bituminous  Concrete  Surface  on  Cement  Concrete  Base. — Cement 
concrete  bases  for  these  pavements  are  usually  constructed  as  a  continu- 
ous slab  without  any  special  provision  for  expansion  or  contraction. 
These  bases  crack  with  more  or  less  regularity  transversely  across  the 
pavement  at  intervals  of  30  to  60  ft.  and  more  infrequently  in  a  longitu- 
dinal line  near  the  center  of  the  pavement  and  roughly  parallel  with  the 
edges.  That  is,  the  action  of  the  elements  combined  with  traffic  produce 
a  series  of  slabs  of  varying  sizes  and  shapes.  Cracks  in  the  asphaltic 
concrete  surface  often  develop  directly  over  the  base  crack  but  do  not 
always  show  through  to  the  surface  which  depends  largely  on  the  width 
of  the  base  crack.  Wide  base  cracks  are  not  so  frequent  for  the  lean 
concretes  as  for  the  rich  concretes  because  the  coefficient  of  expansion  is 
considerably  less  for  a  1:3:6  than  it  is  for  a  1:2:4  mix  (see  page  307, 
Chap.  Ill)   and  the  lean  bases  generally  develop  transverse  cracks  at 
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shorter  intervals  due  to  less  tensile  strength.  On  account  of  this  ten- 
dency of  rich  mixes  to  aggravate  surface  cracks  in  the  overlying  asphaltic 
surfaces  most  engineers  advocate  a  base  mix  of  from  1:3:6  to  1 :  23^'^ :  5 
either  one  of  which  is  a  good  practical  mix  as  regards  requisite  resistance 
to  moisture  absorption  and  practical  construction  manipulation. 

Pavements  of  this  type  on  rural  highways  are  generally  constructed 
with  an  integral  concrete  edging  to  hold  the  edge  of  the  mix  from  side 
displacement.  This  extra  depth  of  concrete  along  the  edge  is  usually 
considered  to  give  the  necessary  extra  strength  of  edge  as  compared  with 
Interior  Corner  conditions.  That  is  the  base  depth  is  made  uniform 
and  based  on  the  interior  corner  classification  where  integral  concrete 
edging  is  used.  Where  no  edging  is  used  the  outer  edge  should  be 
strengthened  by  any  simple  method,  either  extra  edge  depth  or  raised 
curbing. 

In  designing  base  depth  for  this  type  of  pavement  it  is  not  permissible 
to  figure  on  future  strengthening.  Adequate  base  strength  must  be 
provided  as  future  renewals  of  worn-out  asphaltic  concrete  surfaces 
remove  the  old  surface  course  and  replace  with  fresh  mix.  That  is, 
resurfacing  adds  nothing  to  the  final  strength  of  this  tj^pe  of  pavement. 

The  asphaltic  surface  wearing  course  varies  as  a  rule  from  2  in. 
without  a  binder  course  to  3  in.  including  a  binder  course.  These  depths 
are  the  result  of  experience  and  represent  what  appear  to  be  feasible 
depths  considering  construction  and  maintenance  problems.  The 
variation  in  depth  of  asphalt  surfaces  as  between  2  or  3  in.  has  little 
effect  on  the  pavement  base  depth. 

Recommended  Factor  Values   for   Class   I   and   II  Roads  in  Districts  Per- 
mitting A  28,000-Lb.  Gross  Vehicle  Load 

Design  wheel  load,  including  impact  (W),  pounds 12,000 

Load  distribution  factor  (J)  interior  corners 1.3 

Design  tensile  stress  plain  concrete  base: 

1:3:6  mix 280  lb.  per  square  inch 

1 :  2yi  '•  5  mix 320  lb.  per  square  inch 

1:2:4  mix 360  lb.  per  square  inch 

Soil  support  factor  (P),  ordinary  soils 1.0 

Soil  support  factor  (P),  gravel  and  macadam 0.9 

These  values  result  in  the  following  recommended  base  depths  for 
(28,000-lb.  gross  vehicle  load).  See  Fig.  49  for  more  complete  graphic 
results  for  different  mixes  and  different  design  loads. 

Ordinary  Foundation  Soils 
1:21^:5  mix 


Depthofbased  =  1.0  Jl:^2,0M  =  7 
^  \        320 


m. 

Gravel  and  Macadam  Subsoils 
in. 


Depth  of  base  d  =  0.9  ^/ 13(12,000)  ^  g  3  j 
^  \         320 
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A  few  examples  of  ordinary  practice  in  base  depths  are  given  as 
follows.  Table  22,  page  136,  shows  recent  city  street  practice  on  heavy 
traffic  streets. 

Illinois  (rural  highways) 7  in.  (1:2     :33-^  mix) 

Pennsylvania  (rural  highways) 6  in.  (1:23-^:5      mix) 

New  Jersey  (rural  highways) 6  in.  (1:3     :5      mix) 

New  York  (rural  highways) 5  in.  (1:2J^:5      mix) 

New  York  City  (business  streets) 9  in.  (1:2^:5      mix) 

Depth  over  Trenches. — Increase  in  base  depth  applies  as  discussed 
page  128.  For  7-ton  truck  loading  it  is  probably  desirable  to  increase 
for  a  6-in.  standard  base  of  1:3:6  concrete  for  trenches  over  3  ft.  wide. 
For  a  7-in.  depth  of  base  where  the  trench  width  exceeds  about  3.5  to  4  ft. 


6000       6000      10  000    J2  000    14  000    J6  000      18  000   20  000 
Design  Wheel  Load  in  lbs,  (Includes  Impact  Allowance  ) 
3Vi  ton  truck  f  16  000  lbs.  gross  load)  Design  Wheel  load    8500  lbs. 
5       •♦        ♦«    ^22  000   "       "      "  )         "  "       "    JO  000   " 

7       "         "   (28  000  "        '*      ")  "  "        '•    12  000    " 

General  Formula    d  =P     \j— 


.3W 


Fig.  49. — Theoretical  depth  of  cement  concrete  bases  under  bituminous  concrete  surfaces. 


Brick,  Stone  Block,  Etc.,  with  Mastic  Filler  on  Sand  or  Cement  Sand 
Cushion  and  Concrete  Base. — This  design  is  rarely  used  on  rural  roads 
as  it  is  an  expensive  type.  The  advantage  of  the  mastic  filler  lies  in  the 
prevention  of  surface  cracks.  The  prevention  of  these  cracks  on  the 
score  of  better  appearance  of  the  pavement  is  important  in  cities  but  of 
secondary  importance  on  rural  highways.  The  disadvantage  of  the 
mastic  filler  lies  in  the  loss  of  cantilever  beam  strength  in  the  surface 
course  and  the  production  of  more  impact  as  the  road  serves  traffic.  It 
is  not  likely  that  the  increase  in  impact  is  balanced  by  the  cushion  depth 
under  the  brick.     It  is  certain  that  the  base  cannot  be  reduced  in  thick- 
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ness  below  that  required  for  sheet  asphalt  and  the  probabiUties  are  that  a 

shght  increase  is  logical.     Formula  d  =  ^/  — with  the  additional 

impact  allowance  (page  116)  seems  to  be  about  as  good  a  guess  as  we  can 
make  on  the  basis  of  comparative  action  under  traffic  tests.  This  is 
perhaps  a  little  ultra  conservative. 

For  depths  in  use  see  Table  22,  page  136,  and  Table  23,  page  137. 

Figure  50  illustrates  graphically  the  results  obtained  by  applying  this 
formula. 

Grouted  Brick,  Stone  Block,  Etc.,  on  Cement  Sand  Cushion  and 
Concrete  Bases. — These  types  have  the  advantage  of  considerable  beam 
strength  in  the  surface  layer  as  well  as  the  base  beam  strength;  according 
to  the  Office  of  Public  Roads'  tests  previously  quoted,  they  apparently 
do  not  as  a  rule  develop  as  much  beam  strength  as  the  monolithic  form 
of  brick  pavement  buf  the  difference  is  slight.  The  evidence  of  actual 
pavements  indicates  that  they  give  satisfactory  service  with  bases  some- 
what less  in  depths  than  the  asphaltic  concrete  tops  type.  Personally, 
the  author  believes  that  the  semi-monolithic  type  will  work  satisfactorily 

lOdW 
under  a  design  based  on  the  depth  of  base  =  -\/^ — ;  this  is  a  rational 

modification  of  the  asphaltic  t3^pe  formula  as  the  grouted  surface  slab 
certainly  adds  more  strength  to  the  pavement  than  an  asphaltic  top  and 
by  beam  action  gives  a  wider  distribution  of  load  over  base  cracks  and 
corners.  As  these  formulae  are  intended  to  give  relatively  correct  results 
and  as  experimental  results  are  meager,  this  form  will  be  tentatively 
adopted.  It  can  be  seen  that  the  application  of  the  corner  load  formula 
to  this  type  is  a  speculative  proposition. 

The  base  under  this  formula  becomes  for  loam  and  clay  soils  (28,000- 
Ib.  gross  vehicle  load). 


1:2:  4  mix     Jt^£B  =  6  in 
360 


12, 

IX      .^ 

\    3( 

.    ^  1/    .      .         /12,600       ^  „  . 
1 :  2  1^ :  5  mix   ^-g^Q     =  6.3  in. 

.    ^    r      ■         /12,600       ^  c  . 
1:3:6  mix   ^  =  6.8  m. 

On  gravel  or  old  macadam  subsoils  the  depths  can  be  safely  reduced 
^i  to  ^i  in.  but  should  under  no  circumstances  of  either  load  or  soil  be 
reduced  below  a  5-in.  minimum.  Figure  No.  51  illustrates  graphically 
the  results  of  applying  this  formula. 

Monolithic  Brick  Pavement  Slabs. — This  type  has  the  same  general 
characteristics  as  the  monolithic  plain  concrete  as  far  as  impact  and  load 
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distribution  at  cracks  are  concerned.  The  difference  between  these  two 
types  Kes  in  the  fact  that  the  plain  concrete  pavement  is  a  true  monoHth 
and  the  combination  of  brick  and  concrete  introduces  a  plane  of  weakness 


6000   8000   10  000  J2  000  14  000  16  000  J8  000  20  000 

Design  Wheel  Load  in  lbs.  f  Include  Impact  ATIowance) 

3?4  ton  truck  (16  000  lbs.  gross  load)  Design  Wheel  load    JO  000  lbs. 
5        „        „     (22  000"        <<       ..  )       <<  "        "      t2  500.i 

7        ,,       ,.     (28  000  ,,        ,.       .,  )       „  <<         w      15  000  «• 

General  Forn-.ula  d  =  Pljh 


.3W 


Fig.  50. — Theoretical  depth  of  cement  concrete  base  under  brick  surface  (mastic  filler 

cement  sand  cushion). 


6000   8000  JOOOO  12000  J4000  J6000  J8000  20000 

Design  Wheel  Load  in  lbs.    (  Includes  Impact  Allowance ) 

SV2  ton  truck  Cl6  000  fc.  gross  load)  Design  Wheel  load   9500  Its. 
5       «        «     (22  000  „        0       <«  )        ..  "        "    n  500  " 

7       ,.        ..     (28  000  <<        <.       4,  )        .<  <•        "    14  000  •• 


General  Formula      u,  — P 


0.9W 
'      S 


Fig.  51.- 


-Theoretical  depth  of  cement  concrete  bases  under  4-in.  brick  surface  (cement 
grout  joints,  cement  sand  cushion). 


between  the  surface  and  bottom  layers.     The  Bureau  of  Public  Roads' 
experiments  indicated  that  the  beam  strength  of  the  so-called  monolithic 
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brick  pavement  slabs  was  somewhat  greater  than  the  sum  of  the  resisting 
moments  of  the  upper  and  lower  layers  considered  separately;  values  of 
modulus  of  rupture  for  well-grouted  brick  surfacing  slabs  as  determined 
by  the  Bureau  of  Public  Roads  range  from  600  to  1,000  lb.  (see  Table 
18B,  page  111).  With  this  data,  it  is  possible  to  make  a  speculative 
approximation  of  comparative  strength  depth.  On  page  125  the  average 
depth  of  plain  concrete  1 :  l}'^ :  3  mix  using  a  tensile  strength  of  400  lb.  per 
square  inch  was  figured  as  9.2  in.  for  a  design  load  of  14,000  lb. 

The  resisting  moment  of  this  beam  per  foot  of  width  is  approximately 
67,000  in. -lb.  We  will  assume  that  75  per  cent  of  this  must  be  handled 
by  the  sum  of  the  resisting  moments  of  the  base  and  top  considered 
separately,  50,000  in.-lb.  Assume  a  working  stress  of  600  lb.  for  the 
brick  top.  A  4-in.  brick  slab  has  a  resisting  moment  per  foot  width  of 
19,200  in.-lb.     This  leaves  31,000  in.-lb.  for  the  base  to  handle. 


Expressed  as  a  formula,  the  depth  of  concrete  base 


=  >/^ 


8W  -  9,600 


S 


for  loam  and  clay  soils.  On  gravel  or  old  macadam  the  depth  can  be 
reduced  about  an  inch  but  under  no  circumstances  of  load  or  soil  should 
a  depth  of  less  than  4  in.  be  used. 


Depth  of  top 

Average  depth  of  concrete 
base,  inches 

Total  depth  of  pavement, 
inches 

4-in.  brick  top 

(l:lK:3mix)  6.3 
(1:2:4)             6.7 

10.2 
10.6 

A  few  examples  of  current  practice  in  monolithic  brick  construction 
follow:  Monolithic  brick  construction  is  not  in  much  favor  in  the  north- 
ern states  on  account  of  cracking  due  to  frost  action  and  slab  warping. 
Central  longitudinal  joints  are  not  generally  used  on  this  type. 


Top,  inches 

Base,  inches 

Tota 

,  inches 

Illinois 

4 
4 

(l:2:3Kmix) 
4 

8 

Indiana 

8 

Current  Practice  (Two  Course  Pavements). — Table  22  records  current 
practice  (1922)  in  two  course  pavement  construction  on  heavy  traffic 
city  streets. 
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Table  22. — Current  Practice  in  Depth  of  Concrete  Base  under   Pavements 
ON  Heavy  Traffic  City  Streets  (1922) 


City 


Type  of  surface 


Asphaltic 
concrete  on 

concrete 
base,  inches 


Brick  or 
stone  block 

cement 

grout  filler, 

inches 


Brick  or 
stone  block 

mastic 
filler,  inches 


Concrete, 
inches 


Remarks 


Cleveland,  Ohio. . 

Detroit,  Mich 

Chicago,  111 

Philadelphia,  Pa.. 
Indianapolis,  Ind. 
Baltimore,  Md. .  . 
New  Orleans,  La. . 
Boston,  Mass. .  .  . 
Portland,  Oregon . 


8 

6            ! 

8 

8 

8 

8 

6 

6 

6 

6 

6  to  8 

6  to  8 

6 

6 

6 

6 

" 

6 

6 
6 
6  to 
6 
6 
6 


G  to  10 


Tendency  towards  7  in.  to 
8  in.  except  for  grout  filled 
block. 

This  is  recommended  fu- 
ture practice. 

Gravel  subsoil. 
8  in.  on  poor  soil. 

Has  been  satisfactory. 


Effect  of  Statuatory  Load  Limit  on  Thickness  of  Rigid  Pavements 
and  Concrete  Pavement  Bases. — Table  23  gives  a  quick  means  of  compar- 
ing the  effect  of  load  limit  on  rural  pavement  design.  The  black-faced 
type  indicates  the  recommended  depths  for  a  statuatory  gross  vehicle 
limitation  of  28,000  lb.  which  seems  to  be  gaining  favor  as  a  practical 
basis  of  traffic  regulation  for  the  main  roads.  The  depths  given  approxi- 
mate equal  strength  for  the  different  types  and  can  be  used  as  the  basis 
for  comparative  estimates  of  cost.  The  determination  of  the  effect 
of  statuatory  load  and  equal  strength  for  different  types  are  the  main 
jiractical  advantages  of  the  foregoing  analysis. 

Cost  Estimates. — The  design  of  thickness  governs  the  quantities  to 
be  used  in  comparative  estimates  of  cost.  The  unit  prices  assigned  to 
the  various  types  depend  on  the  materials  available. 

Local  Materials. — Rational  and  economic  design  depends  on  the 
investigation  for  local  material.  Careless  work  in  this  particular  results 
in  specifying  impracticable  or  needlessly  expensive  sources  of  supply  for 
materials  and  often  in  the  selection  of  an  unreasonable  type  of  construc- 
tion. A  careless  estimate  of  the  quantity  of  available  local  material 
also  causes  trouble  during  construction  by  a  shortage  in  supply. 

It  is  important  not  only  to  determine  the  amount  of  local  material  but 
also  its  character  as  for  example  a  local  gravel  may  be  suitable  for  a  first- 
class  bottom  for  macadam  construction  but  not  suitable  for  a  concrete 
pavement,  or  it  may  be  suitable  for  a  concrete  paving  base  but  not  for  a 
concrete  road  taking  the  traffic  directly.     A  local  hard  sandstone  may  be 
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Table   23. — Comparison   of    Recommended   Theoretical   Depths   of   Cement 

Concrete  Bases  for  Different  Pavements  under  Different  Maximum 

Loads  on  Different  Soils 

(In  Inches) 

Note. — The  last  column  gives  prevailing  practice  in  base  depth  for  each  type 

(1919  to  1922). 


Recommended  depth 

s  of  cement  concrete  bases  based 

on  modi- 

fied    corner    load    formula    d 

=^W 

3H-ton  truck  16,000- 

5-ton  truck  22,000- 

7-ton    truck    28,000- 

Current 

practice 

1919- 

Pavement 

Ib.  gross  load 

Ib.  gross  load 

Ib.  gross  load 

Gravel  or 

1923, 

Ordinary 

Gravel  or 

Ordinary 

Gravel  or 

Ordinary 

macadam, 

inches 

subsoils, 

macadam, 

subsoils. 

macadam. 

subsoils. 

sub- 

inches 

inches 

inches 

inches 

inches 

soils, 
inches 

Plain  concrete: 

(1:  1>2:  3  mix) 

7.2  &  7.8 

6.5  &  7.0 

7.9  &  8.8 

7.2  &  8.0 

8.7  &  9.7 

8.0  &  8.8 

6  to  10 

Plain  concrete: 

(1:2:4  mix) 

7.6  &8.2 

6.9  &  7.4 

8.4  &  9.2 

7.6  &  8.3 

9.2  &  10.0 

8.4  &  9.1 

Reinforced  concrete  (mesh 

and  bar): 

Central     longitudinal 

joint  (l:lJ-^:3  mix). 

6.3  &  6.9 

6.0  &  6.4 

6.7  &7.5 

6.2  &  6.8 

7.3  &    8.2 

6.5  &  7.3 

Reinforced  concrete  (cor- 

ner and  exterior  tie 

bars  only): 

Central     longitudinal 

joint  1: 1 J^  :3  mix.  . 

6.5  &  7.0 

6.0  &  6.4 

7.0  &  7  8 

6.3  &  7.1 

7.7  &    8.6 

7.0  &  7.7 

5  to  9 

1:2:4  mix 

6.9  &  7.4 

6.4  &  6.8 

7.4  &  8.2 

6.7  &  7.4 

8.1  &    9.0 

7.4  &  8.1 

Monolithic      brick     4-in. 

brick     on     1:1^:3 

concrete  base 

4.5 

4.0 

5.0 

4.5 

e.i 

5.S 

4.0 

2-in.    to    3-in.  Asphaltic 

concrete  on  concrete 

base: 

(1:3:6  mix) 

6.5 

6.0 

7.0 

6.3 

7.5 

6.8 

5  to  8 

(l:2i^:5mix) 

6.0 

6.0 

6.5 

6.0 

7.0 

6.3 

2-in.    Asphalt    block    on 

cement  concrete  base: 

(1:2}^:.5  mix) 

6.5 

6.0 

7.0 

6.3 

7.5 

6.8 

5  to  8 

4-in.  Brick  (mastic  joint 

filler)  on  cement  con- 

crete base: 

(1:3:6  mix) 

6.8 

6.2 

7.6 

6.9 

8.3 

7.5 

(1:2J.^:5  mix) 

6.5 

6.0 

7.0 

6.3 

7.8 

7.1 

6  to  8 

4-in.  Brick  {cement  grout 

filler): 

(1:3:6)  concrete  base. 

5.5 

5.0 

6.1 

5.5 

6.7 

6.2 

5  to  8 

(1:2J^:.5)    concrete 

base 

5.2 

5.0 

5.7 

5.2 

6.3 

5.7 

5-in.  Stone  block:  Cement 

grout  filler 

(1:2H:5)    concrete 

base '        5.2 

5.0 

5.7 

5.2 

6.3 

5.7 

5  to  7 

Note:  Where  two  depths  are  given  the  smaller  is  for  interior  areas  and  the  larger  for  exterior  edge 
depths.     Where  one  is  given  it  applies  to  interior  areas. 

Typical  recommended  Pavement  Sections  showing  details  are  given  in  Chap.  Ill  under  the  discus- 
sion of  each  type  of  pavement.  The  object  of  this  table  is  to  give  a  tentative  basis  of  estimating  the 
amount  of  materials  and  the  cost  per  square  yard  for  the  different  types  suitable  for  different  maxin)um 
load  conditions. 

Table  23  in  conjunction  with  Table  17,  page  100,  provides  a  means  of  computing  reliable  comparative 
cost  estimates  for  all  ordinary  standard  types  based  on  equal  strength. 
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suitable  when  bound  with  bitumen  and  would  not  act  well  if  waterbound 
with  its  own  screenings,  etc. 

Any  preliminary  report   should   cover  the  sources  of  supply   and 
approximate  cost  at  pit  or  switch  of  the  following  materials: 


Gravels  suitable  for. 


Stone,  slag,  etc.,  suitable  for. 


Bottom  courses. 
Top  courses. 
Structural  concrete. 
First-class  concrete  pavement. 
Concrete  paving  base. 
Subbase  filler. 
Subbase. 
Bottom  course. 
Waterbound  macadam  top. 
Bituminous  macadam  pavement. 
First-class  concrete  pavement. 
Concrete  paving  base. 
Structural  concrete. 


Sand,  suitable  for. 


Miscellaneous. 


Bottom  course  filler. 
Cushion  sand. 
Structural  concrete  sand. 
First-class  concrete  paving  sand. 
Fine  and  coarse  sand  for  sheet  asphalt. 

Bitumens. 
Tars. 

Paving  brick. 
Stone  block. 
Asphalt  block. 
Stone  or  brick  cubes. 


The  necessary  properties  of  stones,  gravels,  sands,  etc.,  are  given  in 
Appendix  A,  and  in  Chap.  Ill  under  each  type  of  pavement. 

A  convenient  method  of  recording  the  location  of  materials  is  shown 
in  Fig  52. 

Unloading  Points  for  Freight. — Provided  U.  S.  Geological  maps  are 
obtainable,  the  position  of  sidings  may  be  marked  on  the  sheets.  The 
notes  for  each  siding  show  its  car  capacity;  whether  or  not  an  elevator 
plant  can  be  erected,  and  if  hand  unloading  is  necessary  whether  teams 
can  approach  from  one  side  or  two.  They  should  also  show  any  coal 
trestle  that  can  be  utilized  in  unloading  and  the  location  and  probable 
cost  of  any  new  sidings  that  will  materially  reduce  the  length  of  the  haul. 
Canal  or  river  unloading  points  are  shown  in  the  same  manner. 

Sand,  Gravel  and  Filler  Material. — The  position  of  sand  and  gravel 
pits  and  filler  material  are  noted  with  their  cost  at  the  pit;  if  no  local 
material  is  available  the  cost,  f  .o.b.  at  the  nearest  siding  is  given.  Samples 
are  taken  and  tests  made. 
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Stone  Supply. — Provided  imported  stone  is  to  be  used  the  work  is 
simplified  to  determining  the  rate,  f.o.b.,  to  the  various  sidings  for  the 
product  of  the  nearest  commercial  stone-crushing  plant  that  supplies  a 
proper  grade  of  stone. 

In  case  local  stone  is  available  the  location  of  the  quarries  or  outcrops 
are  shown;  the  amount  of  stripping,  if  any,  and  the  cost  of  quarry  rights. 
If  the  estimate  will  depend  upon  rock  owned  by  a  single  person  an  option 
is  obtained  to  prevent  an  exorbitant  raise  in  price. 

In  case  of  field  or  fence  stone  a  careful  estimate  is  made  of  the  number 
of  yards  or  boulder  stone  available,  the  owners'  names,  what  they  will 
charge  for  it,  the  position  of  the  fences  or  piles  relative  to  the  road,  or  side 


Stone   fs+ 


/.  Oeo  Barber  lOOOcu.yds.  Fence 
^^oulders  20  %  dranife  '40%  Sands  tone 
/o% L itnesTone   30%  Soft  Rock 

•;  Granite  must  he  Bias  ted 


2.  Patrick  Don 


Fig.  52. — Field  notes  stone  supply  survey. 

roads,  and  if  the  fences  are  not  abutting  on  a  road  or  lane  the  length  of 
haul  through  fields  to  the  nearest  road  or  lane.  As  fences  are  usually  a 
mixture  of  different  kinds  of  rock,  the  engineer  estimates  the  percentage 
of  granite,  limestone,  sandstone,  etc.,  and  the  percentage  that  will  have 
to  be  blasted  or  sledged  in  order  to  be  crushed  by  an  ordinary  portable 
crusher.  If  there  is  a  large  excess  of  stone  a  careful  estimate  need  not 
be  made,  only  enough  data  being  collected  to  determine  the  probable 
position  of  the  crusher  set-ups  and  the  average  haul  to  each  set-up.  If  a 
sufficient  supply  is  doubtful  a  close  estimate  is  made  as  outlined  above, 
and  options  obtained  from  the  various  owners. 

Samples  of  the  different  rocks  are  tested  (see  Appendix  A). 

Simple  field  tests  can  be  made  but  if  the  department  has  a  testing 
laboratory  it  is  better  to  take  samples  and  have  a  careful  test  made  and 
recorded.  As  these  tests  are  made  the  location  of  the  sample  and  result 
of  the  tests  are  recorded  on  a  large  map  of  the  district  which  in  the  course 
of  a  few  years  shows  at  a  glance  the  different  sources  of  supply  of  accept- 
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able  materials  for  the  entire  county  or  State  and  saves  future  duplication 
of  work  for  reconstruction,  maintenance  and  adjacent  improvements. 

The  method  of  sampling  and  the  amounts  of  material  required  for  a 
good  test  are  given  in  Appendix  A. 

Tests  of  road  materials  are  an  excellent  guide  in  arriving  at  the  final 
decision  but  judgment  is  essential  in  interpreting  tests  and  the  final 
decision  as  to  use  should  not  be  vested  in  the  Testing  Department.  This 
is  not  a  needless  caution  as  the  author  knows  from  experience  that  the 
arbitrary  rejection  of  fairly  suitable  materials  regardless  of  the  relative 
importance  of  the  road  has  resulted  in  the  needless  expenditure  of  tre- 
mendous sums  of  money  on  unimportant  highways.  The  discussion  of 
the  use  of  a  sliding  scale  of  excellence  is  taken  up  in  more  detail  in  Chap, 
III  for  each  type  of  pavement. 

Cost  Estimates. — Comparative  construction  cost  estimates  based  on 
equal  strength  designs  and  the  use  of  local  materials  complete  the  first 
and  most  important  part  of  the  decision  as  to  the  selection  of  type. 

Maintenance  and  Renewal  Cost. — Estimates  of  maintenance  and 
renewal  in  conjunction  with  first  cost  of  pavements  and  motor  operation 
costs  on  different  pavements  complete  the  portion  of  the  problem  dealing 
with  cost.  The  final  costs  are  then  balanced  against  the  peculiar  suit- 
ability of  the  different  types  for  the  road  in  question.  This  last  item 
sometimes  overbalances  the  economic  argument  although  for  rural 
highways  final  cost  is  the  most  important  consideration  (see  official  reports, 
pages  153  to  164). 

Maintenance  and  renewal  costs  are  open  to  considerable  uncertainty 
as  it  is  impossible  to  forecast  future  labor  and  material  costs  and  also  on 
account  of  inadequate  and  spasmodic  legislative  programs  for  mainte- 
nance and  renewal.  We  have,  however,  enough  data  to  make  a  rough 
approximation  based  on  usual  legislative  and  administrative  conditions 
prevailing  from  1910  to  1921.  Table  24  is  based  on  New  York  State 
figures  as  the  author  is  familiar  with  that  territory  and  can  make 
necessary  modifications  in  the  available  figures.  By  this,  is  meant  that 
any  published  figures  of  State  Highway  Maintenance  are  liable  to  be 
misleading  unless  allowance  is  made  for  the  average  age  of  the  various 
roads;  the  relative  strength  of  the  pavements  and  the  general  excellence 
of  construction  and  maximum  allowed  roughness  before  reconstruction 
is  accomplished. 

Table  24  is  based  on  pavement  thicknesses  recommended  in  this 
chapter  and  moderately  effective  construction  and  maintenance  with  a 
maximum  allowable  Vialog  coefficient  of  roughness  of  250  in.  per  mile. 
The  costs  given  are  for  1920  labor  and  material  costs  which  are  about  180 
per  cent  pre-war  rates.  Similar  tables  can  be  easily  compiled  for  any 
locality  based  on  the  local  conditions  and  experience.  This  table  is  to 
illustrate  method  rather  than  definitely  to  state  costs  although  it  can 
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be  used  with  assurance  of  fair  accuracy  in  case  more  detailed  local 
figures  are  not  available. 

When  all  classes  of  road  material  are  locally  available,  it  can  be  seen 
that  the  selection  of  type  does  not  have  much  effect  on  final  cost  but  for 
special  conditions  of  material  supply,  there  is  a  well  defined  difference 
in  final  cost. 

To  illustrate  this  point,  two  design  reports  are  given  pages  153  to  164 
showing  the  analysis  and  conclusions  for  two  highways  recently  put  under 
contract.  In  one  case,  macadam  had  the  advantage.  In  the  other  case, 
a  rigid  pavement  seemed  the  proper  solution. 

VALUE  OF  SMOOTH  RIDING  QUALITY  OF  PAVEMENTS 

A  smooth  easy  riding  pavement  is  desirable  on  the  score  of  personal 
riding  comfort,  reduced  cost  of  motor  operation  (gasoline,  tires  and  jar 
damage)  and  reduced  stress  on  the  pavement  due  to  impact  of  heavy 
trucks.  Surface  irregulai  ities  will  vary  with  the  type  of  pavement, 
care  of  construction,  age  of  pavement  and  perfection  of  maintenance  and 
they  gradually  increase  as  the  pavements  age  until  reconstruction 
becomes  necessary. 

Probably  the  most  satisfactory  method  of  measuring  such  irregulari- 
ties at  present  (1923)  is  by  means  of  the  Vialog  invented  by  Harley 
Dunbar  of  the  New  York  State  Dept.  of  Highways  and  manufactured  by 
the  Good  Roads  Machinery  Co.  of  Kingston.  This  machine  can  be 
attached  to  an  automobile.  It  records  automatically  in  graphic  form 
as  shown  in  the  chart  on  page  143  the  surface  irregularities  of  the  road. 
The  machine  is  calibrated  for  the  auto  being  used  and  the  speed  at  which 
it  is  driven  by  means  of  careful  test  runs  over  a  pavement  of  known 
irregularity.  A  duplicate  record  is  made  and  the  results  agree  remark- 
ably well.  The  results  can  be  examined  for  individual  bumps  or  hollows 
or  the  average  condition  of  the  surface  expressed  as  inches  of  irregularity 
per  mile  of  road.  This  coefficient  is  reliable  as  a  measure  of  relative 
roughness  and  of  some  value  as  a  measure  of  absolute  roughness.  By 
means  of  records  of  this  kind  it  is  possible  to  set  a  reasonable  limit  of 
irregularity  for  acceptance  of  pavements  of  different  types.  It  is  also 
useful  in  keeping  yearly  records  of  the  general  condition  of  a  state 
system  and  check  up  the  effectiveness  of  the  maintenance  and  renewal 
programs.  Being  a  mechanical  device  it  eliminates  personal  opinion  and 
is  a  very  useful  instrument  in  highway  work.  The  results  of  investiga- 
tions of  2,000  miles  of  New  York  State  Highways  in  1923  can  be  summed 
up  roughly  as  follows : 

From  the  standpoint  of  riding  comfort  a  pavement  does  not  become 
disagreeably  rough  until  the  coefficient  of  roughness  exceeds  about  250 
in.  per  mile.     The  report  on  the  2,000  miles  investigated  covers  pave- 
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~ir^.**~"'i*^ ' 


Vialog  uu  cur. 


NOTE.  The  CoeffiCierrf  ofFfoughmss  is  im'nches  of 
vertical  irregularifies  per  mile 


f^  I" 


Good  Macadam 
Violo^  Coefficient  HO  "per  mtfe 

jOOft 

Oood  Cement  Concrete  Pavement 
Violog  Coefficienf  G5  'per  mile 
--300  ft 

Good  Brick  Pavement 
Violog  Coefficient 65"permile 

--JOOft 


Oood  Asphalt  Concrete 
Violog  Coefficient  T5"permile 


^j:^^^k^,^^^-^>-^^~-^^^m^ 


'        Old  Poor  Mcrcadam 
Violog  Coefficient  500" per  Mile 
300  ft 


•\jV^j{^A-  -vT^vw^^-  ^■V^^-NA^jV^^^-A 


Old  Poor  2nd.  Class  Concrete  Paveme. 

Violog  Coefficient J30"perm/le 

JOOft 


V/V>n/1  v^^VVWvrV\,^a  VlA^tAi  "  tjH-i^^ 


Old  Poor  Brich  Fhvement 
Violog  Rating  JBO  "per  mile 
-JOOft 


■^jV^^v/fV^AO.'' 


Old  Poor  Asphalt  Concrete 

Violog  CdefficientSOO  per  mile 
JOOft.     


NOTE:  This  Chart illustrafgsgraphically  the  wide  range  in  surface  roughness  with  attendant 
resistance  foiracf ion  on    al I  Ishndard  Pavements  due  to  age  and  lack  of  effective  Mairrtenance 
Jhepraciicaluse  of  the  Violog  in  connection  with  Highway  Pragrams  is  discussed  in  Chap  ? 
A  reasonable  allowance  for  increase  in  business  motor  operahon  cost  due  to  roughness 
is  approx.  ^80  per  mile  pei^gear  per  100  vehicles  average  mi:ied  traffic  daily  (J^SOOgearlg) 
for  each  100" increase  in  Violog  Coefficient 

Chart  A. — Vialog  records  of  sur  face  roughness  (showing  effect  of  age). 
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Age,  years 
10  15 


Recorded  Values 
Maximum     » 
Average      • 
Minimum   o 


250  Maximum  850 

Rough ne&s 

for  Comfortable 

Travel 


0  5    .         - 

Age  of  Povemenf,  years 
WATERBOUND  MACAOAM(OILED) 
CLASS  n  TRAFFIC 
NORMAL  MAINTENANCE  *870  PER  MILE  YEAR 

Age,  uears 
5  10  15  20 


5  10  15  20 

Age  of  Pavemenf,  years 
PENETRATION  BITUMINOUS  MACADAM 

CLASS  nANDIIA  TRAFFIC 
NORMAL  MAINTENANCE^SSO  PER  MILE  YEAR 


250  Maximum  250 
Roughness 
forComfortoble 
Travel 


10  15  20 

Age,  yeara 
A&PHALTIC  CONCRETE -CLASS  I  ANOIIATRAFFIC 

note:  data  meager  (11  year  LIMIT) 
NORMAL  MAINTENANCE5260  PER  MILE  YEAR 
Aqe,  years 
5  10  15  20 


0  5  10  15  ?0 

Age,  years 
CEMENT CONCRETEO'I'/e'JMIX.)- CLASS  I ANDn TRAFFIC 
DATA  LIMITED  TO  9  YEAR  AGE 
NORMAL  MAINTENANCE*  no  PER  MILE  YEAR 
Age,  years 
0  5  10         .    15 


250  Maximum  250 
Roughness 
forComforfable 
Travel 


0  5  10  15         20 

Age^years 

BRICK  AND  ASPHALT  BLOCK 

CLASS  1  AND  HA  TRAFFIC 
DATA  LIMITED  TO  11  YEARS 
NORMAL  MAI  NTENANC  E  *  250  PER  M I L  E  YEA  R 


Age,  years 


COMPARISON  OF  PAVEMENTS 
(AVERAGE  conditions) 


(bRAPHS  SHOWING  WIDE  RANGE  AND  AVERAGE 
VALUE  OF  VIALOe  CO-EFFICIENT  OF  ROUGHNESS 
FOR  DIFFERENT  PAVEMENTS  AT  DIFFERENT  AGES. 
CNEV/YORK  STATE  1923) 

Based  on  averaae  mainfenance^  ihaf  is,  no  specially  high  rnainfenance 

has  been  useah  hold  fhe  roughness  to  a  speclf^d  maximum.  Reconstruclion 

is  resorhd  fo  when  normal mainhnance  becomes  ineffective. 

NOTE'.  These  graphs  show  fhe  wide  range  in  resulfs  obfained  under  Public  Works  Programs  and  show 
conclusive/^  fhedislincfadvanfage  of  good  Engineering  Confrol.  Ang  h/pe  of pavemerrt  well 
designeJiconsfruciedandmainl-ainedwillgivesafisfacfory  resulfs  as  far  as  fraffi'c  operalion 
COST  is  concerned. 

Jo  anuone  personally  ■familiar  with  ihis  disfricf  these  records  have  ti  human  as  well  as 
a  scientific  inferesf.  Ihis  possible  io  trace  fhegradual  lossorgain  in  interest  in  fhesuccess  offhe 
various  fupes  depending  on  the  sj/mpaihies  offhe  different  administrations  and  they  also  show 
fhe  effect  of  knowledge  and  experience  offhe  inspectors  withdif^erent  tgpes. 

Chart  B. 
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ments  of  brick,  asphaltic  concretes,  cement  concrete,  penetration  bitu- 
minous macadam  and  waterbound  macadam  oiled.  There  is  a  wide 
range  in  roughness  for  each  type  depending  on  age,  maintenance,  etc. 
All  these  types  can  be  constructed  originally  and  maintained  for  a  con- 
siderable time  in  a  comfortable  condition  for  traffic.  They  all,  in  time, 
become  rough  and  require  resurfacing  on  the  score  of  comfort  and  motor 
operating  costs.  The  vialog  records  verify  the  fact  which  we  all  know 
from  common  experience  that  the  higher  priced  pavements  such  as 
asphaltic  concretes,  cement  concrete  and  brick  have  a  lower  average 
roughness  than  the  macadam  type  for  the  first  few  years  after  which  it 
becomes  a  matter  of  maintenance  or  reconstruction  as  to  which  has  the 
advantage.     (See  also  page  144.) 

Mr.  Dunbar  gives  some  tentative  values  subject  to  future  change  as 
follows.     He  recommends  a  maximum  value  of  50  in.  for  acceptance  of 


Type  of  pavement 


New  pavements,  good 
condition 


Range, 

inches 

per  mile 


Average, 

inches 

per  mile 


Old  pave- 
ments, poor 
condition 

Range, 

inches 

per  mile 


Cement  concrete 

Brick 

Asphaltic  concrete 

Penetration  bituminous  macadam 
Waterbound  macadam  (oiled) . .  .  . 


25  to  80 
20  to  80 
35  to  90 
80  to  150 
90  to  170 


65 

65 

75 

100 

no 


250  to  600' 
250  to  300 
250  to  300 
250  to  800 
250  to  1,000 


1  Low-grade  1 :2}-^i  :5  concrete. 

newly  constructed  concrete,  brick  or  asphaltic  concretes  and  a  maximum 
value  of  100  in.  for  new  bituminous  macadam.  The  average  roughness  of 
roads  at  present  under  reconstruction  runs  from  500  to  700  in.  per  mile. 


EFFECT  OF  ROUGHNESS  ON  MOTOR  OPERATION  COSTS 

Roughness  increases  the  gasoline  consumption  of  motors  and  the  tire 
and  engine  wear.  Any  attempt  to  figure  this  closely  is  a  useless  pro- 
ceeding but  the  general  fact  must  be  borne  in  mind  in  arriving  at  any 
reasonable  conclusion  as  to  the  economic  value  of  pavements  and  the 
necessity  for  effective  maintenance.  In  time  vialog  records  will  be 
coordinated  with  gasoline  consumption.  No  experiments  along  this  line 
have  yet  been  made.  The  following  figures  based  on  what  meager 
vialog  records  we  have  must  be  considered  as  speculative  as  far  as  actual 
cost  of  operation  is  concerned.     However  they  check  the  gasoline  con- 

10 
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sumption  tests  shown  in  Table  2A,  page  19,  and  serve  to  illustrate  the 
value  of  smoothness  and  to  reinforce  the  general  arguments  given  in 
Chap.  I,  page  20. 

Mr.  Dunbar  states  that  on  a  road  having  a  coefficient  of  about  50  in. 
his  chart  distance  measured  by  wheel  revolutions  was  exactly  equal  to 
the  actual  lengths  of  the  roads.  Where  the  coefficient  reached  500  to 
700  in.  the  chart  distance  by  wheel  revolutions  exceeded  the  actual 
survey  measured  length  of  the  road  by  from  100  to  200  ft.  per  mile.  That 
is  roughness  actually  increases  wheel  revolution  due  to  jump,  free  spin 
and  extra  length,  exactly  how  much  we  do  not  know.  A  conservative 
assumption  is  0.5  per  cent  per  100  in.  increase  in  vialog  coefficient. 

Roughness  virtually  increases  the  rate  of  grade  of  the  road.  A 
conservative  figure  is  0.2  per  cent  per  100  in,  increase  in  vialog  coefficient. 

Considering  gasoline  consumption  alone  and  using  the  values  given  on 
page  98  of  the  first  book  of  this  series  ("Highway  Location")  for  distance 
and  grade  we  can  derive  an  increase  in  cost  of  motor  operation  of  about 
8  per  cent.^  This  amounts  to  about  $100  per  mile  per  year  for  100 
average  vehicles  daily  (36,500  yearly)  for  each  100  in.  increase  in  vialog 
coefficient.  Making  the  same  assumptions  discussed  in  book  one  in 
regard  to  the  actual  value  of  gasoline  saving  considering  pleasure  traffic 
and  snow  and  ice  during  a  portion  of  the  year  this  is  reduced  to  $50  per 
mile  per  year  per  100  vehicles  daily.  For  different  volumes  of  traffic  this 
is  expressed  in  tabular  form  page  147,  assuming  a  vialog  coefficient  of 
50  in.  per  mile  as  perfection. 

In  a  similar  way  an  approximation  can  be  derived  for  tire  wear. 
Any  actual  cost  value  for  tire  wear  due  to  minor  differences  of  roughness 
is  a  very  illusive  quantity.  Recent  investigations  have  established  that 
the  difference  in  tire  wear  over  gravel  roads  with  loose  small  pebble 
surface  as  compared  with  a  smooth  new  rigid  pavement  may  amount  to 
as  much  as  $0.01  per  vehicle  mile.  The  actual  difference  in  tire  wear  for 
ordinary  road  conditions  considering  ice  and  snow  in  winter  for  any  well 
maintained  gravel  or  macadam  road  with  a  bituminous  surface  carpet 
as  compared  with  well  maintained  rigid  base  pavements  cannot  amount 
to  much.  We  will  assume  some  speculative  figures  merely  to  bring  out 
the  fact  that  there  is  some  difference  in  cost  of  this  phase  of  road  travel 
over  different  types. 

Ordinary  tire  wear  on  improved  roads  is  assumed  at  $0,015  per 
average  vehicle  mile  for  roughness  of  say  200  in.  vialog  rating.  A  well 
maintained  and  renewed  road  system  should  not  range  more  than  50  to 

'  Allowing  for  an  average  difference  in  vialog  coefficient  of  roughness  of  50  in.  per 
mile  between  average  macadam  and  average  Class  A  surfaces  the  difference  in  gas 
consumption  is  4  per  cent.  According  to  Table  2A,  page  19,  actual  experiment 
gives  a- value  of  5  per  cent. 
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Volume  of 

total  traffic, 

vehicles  per  day 


Vialog  coefficient,  inches  per  mile. 


50 


100 


200 


300 


400 


500 


Values  below  are  estimated  yearly  saving  in  business 
consumption  of  gasoline 


100 

200 

300 

400 

500 

1,000 

1,500 

2,000 

3,000 

4,000 

5 ,  000 

10,000 


$   25 

$   75 

$      125 

$   175 

50 

150 

250 

350 

75 

225 

375 

525 

100 

300 

500 

700 

125 

375 

625 

875 

250 

750 

1,250 

1,750 

375 

1,125 

1,875 

2,625 

500 

1,500 

2,500 

3,500 

750 

2,250 

3,750 

5,250 

1,000 

3,000 

5,000 

7,000 

1,250 

3,750 

6,250 

8,750 

2,500 

7,500 

12,500 

17,500 

I       225 

450 

675 

900 

1,125 

2,250 

3,375 

4,500 

6,750 

9,000 

11,250 

22,500 


300  in.  per  mile.  The  increase  in  wheel  travel  distance  as  between 
50  to  500  in.  rating  amounts  to  about  2  per  cent.  The  added  jar  damage 
above  250  in.  rating  probably  does  considerable  more  damage.  We  will 
assume  the  same  rate  of  tire  cost  as  for  gasoline  previously  derived 
8  per  cent  per  100  in.  vialog  increase.  This  amounts  to  approximately 
$50  per  mile  per  year  for  100  average  vehicles  daily.  Combining  this 
value  with  the  gasoline  saving  the  table  on  page  148  is  derived. 

This  table  indicates  in  a  general  way  the  importance  of  keeping  a 
system  in  fairly  smooth  riding  condition.  To  illustrate  with  the  New 
York  System  Division  7.  The  coefficient  of  roughness  of  most  roads 
when  actually  reconstructed  is  about  500  to  700.  This  gives  an  average 
coefficient  for  the  life  of  the  pavement  of  about  300  to  400.  The  average 
volume  of  traffic  for  this  territory  is  about  800  to  1,000  vehicles  per  day 
(Class  2  traffic) .  That  is  the  cost  of  motor  operation  due  to  the  degree  of 
perfection  actually  attained  probably  is  increased  about  $2,000  per  mile 
per  year  over  a  system  in  perfect  condition.  As  later  discussed  it  is 
probably  impracticable  to  attempt  to  maintain  and  renew  a  system 
with  a  maximum  allowable  roughness  before  renewal  of  under  250  in. 
vialog  rating.  If  our  system  were  maintained  on  this  basis  the  average 
coefficient  would  be  about  150  to  200  which  might  result  in  a  yearly 
saving  in  motor  operation  of  about  $800  per  mile  ($2,000-$  1,200). 
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Table  of  Possible  Difference  in  Motor  Operation  Cost  per  Mile  Year  for 
Different  Volumes  of  Traffic  and  Different  Degrees  of  Surface  Rough- 
ness (1923  Cost  Conditions) 
(Based  on  Gas  Consumption  and  Tire  Wear) 


Volume  of 

Vialog  coefficient,  inches  per 

mile 

traffic, 
vehicles  per  day 

50' 

100 

200 

300 

400 

500 

100 

$0 

$       40 

$       120 

$     200 

$     280 

1     360 

500 

0 

200 

600 

1,000 

1,400 

1,800 

1,000 

0 

400 

1,200 

2,000 

2,800 

3,600 

1 ,  500 

0 

600 

1,800 

3,000 

4,200 

5,400 

2,000 

0 

800 

2,400 

4,000 

5,600 

7,200 

3,000 

0 

1,200 

3,600 

6,000 

8,400 

10,800 

4,000 

0 

1,600 

4,800 

8,000 

11,200 

14,400 

5,000 

0 

2,000 

6,000 

10,000 

14,000 

18,000 

10,000 

0 

4,000 

12,000 

20,000 

28,000 

36,000 

'  Vialog  rating  of  50  in.  considered  as  practical  perfection. 


It  is  a  well  recognized  fact  that  we  have  been  short  of  funds  and  that 
our  roads  are  too  rough  in  their  last  stages  before  reconstruction.  The 
average  actual  expenditure  for  maintenance  and  renewal  has  been  about 
$1,100  per  mile  for  the  last  few  years.  The  discussion  of  maintenance 
cost  in  Chap.  IV  indicates  that  approximately  $1,500  to  $2,000  per  mile 
per  year  is  necessary  for  this  territory;  the  above  data  indicates  that  this 
increase  is  probably  justified  from  the  standpoint  of  economic  motor 
operation  as  well  as  for  the  more  obvious  reason  of  comfort  in  riding. 


DIFFERENCE  IN   OPERATION  COST  ON  DIFFERENT  SURFACES 

A  rough  approximation  can  now  be  derived  on  the  assumption  that 
roads  will  be  maintained  and  renewed  on  the  basis  of  a  maximum  coeffi- 
cient of  roughness  of  250  in,  vialog  rating. 

Class  B. — ^The  macadam  type  of  surface  has  an  initial  rating  of  100  in. 
and  a  final  rating  of  250  in.  or  an  average  of  175  in. 

Class  A. — The  asphaltic  concretes,  cement  concrete  and  brick  range 
from  50  to  250  in.  average  150  in.  giving  an  average  difference  between 
class  A  and  B  for  total  life  of  pavement  of  about  25  to  50  in.  vialog 
rating.  Expressed  in  money  value  as  yearly  cost  and  capitalized  cost  for 
different  volumes  of  traffic  the  following  table  is  constructed. 


GENERAL  ENGINEERING  PRINCIPLES 


149 


Table  of  Increased  Cost  of  Operation  on  Macadam  Type  of  Surface  (Class  B) 
Compared  with  Class  A  Surfaces  (1923  Cost  Conditions) 


Increased  yearly 
cost  of  operation 

Capitalized  value  of  increased 
cost  at  5  per  cent 

Vo 

uiuc  of  daily   traffic 

per  mile 

per  sq.  yd. 
18-ft.  road 

per  mile 

per  sq.  yd. 
18-ft.  road 

100 

$         20 

$       400 

$ 

500 

100 

0.01 

2,000 

0.20 

1,000 

200 

0.02 

4,000 

0.40 

2,000 

400 

0.04 

8,000 

0.80 

3,000 

600 

0.06 

12,000 

1.20 

4,000 

800 

0.08 

16,000 

1.60 

5,000 

1,000 

0.10 

20,000 

2.00 

In  computing  the  total  yearly  cost  of  a  pavement  to  the  community 
it  is  just  as  well  to  give  some  weight  to  this  item.  (See  Official  reports, 
pages  158  and  161.) 

For  average  conditions  in  Division  7,  Western  New  York,  consider- 
ing construction,  maintenance,  renewal,  interest  on  construction  and 
difference  in  motor  operation  cost,  the  general  conclusion  to  be  drawn 
is  that  the  macadam  type  of  surface  usually  becomes  uneconomical  at  a 
volume  of  traffic  of  between  1,500  to  2,000  vehicles  daily.  At  this  point 
an  old  macadam  road  can  be  resurfaced  with  asphaltic  concrete  and 
brought  up  to  the  operation  efficiency  of  Class  A  pavements. 

The  student  is  again  cautioned  not  to  overemphasize  the  importance 
of  hair  splitting  economic  value  figures.  They  are  included  to  illustrate 
general  principles  and  the  values  and  conclusions  given  throughout  this 
text  have  been  adjusted  to  agree  with  actual  observed  road  conditions. 

EFFECT  OF  SMOOTHNESS  ON  IMPACT 

Table  No.  11,  page  80,  gave  a  rough  summary  of  the  U.  S.  Office  of 
Roads  investigations  on  impact  for  known  surface  irregularities.  Impact 
increases  rapidly  with  the  roughness  and  becomes  a  very  destructive 
element  unless  the  pavements  are  kept  moderately  smooth  by  effective 
maintenance.  The  section  on  design,  page  81,  assumed  impact  allow- 
ances based  on  3-^  to  }'2  in.  irregularities.  An  examination  of  the  vialog 
records  show  that  such  irregularities  are  quite  common  and  continuous  on 
the  macadam  type  for  an  average  coefficient  of  120  to  200  per  mile  and 
occur  at  joints  and  cracks  quite  frequently  on  the  rigid  type  of  pavement 
with  coefficients  as  low  as  65  to  100  per  mile.  Where  the  coefficient 
rises  to  300  to  500  per  mile  surface  irregularities  of  1  to  2  in.  are  quite 
common  and  the  pavement  becomes  not  only  uncomfortable  and  expen- 
sive to  operate  over  but  also  is  stressed  beyond  the  design   loading. 


150 


RURAL  HIGHWAY  PAVEMENTS 


TENTATIVE  MAXIMUM  ALLOWABLE  VIALOG  RATING 

From  the  standpoint  of  comfort,  cheapness  of  operation  and  cost  of 
construction  due  to  impact  stresses  it  seems  desirable  to  place  a  maximum 
limit  of  roughness  at  about  200-250  vialog  rating.  As  a  road  ages  the 
cost  of  maintenance  will  increase  to  retain  this  value  and  when  the 
maintenance  cost  exceeds  the  proper  limit  for  each  type  reconstruction 
or  resurfacing  must  be  resorted  to.  It  is  believed  that  if  rural  pavements 
are  designed  according  to  the  principles  outlined  in  this  chapter  that  the 
maintenance  costs  and  average  life  before  renewal  becomes  a  practical 
necessity  either  on  the  score  of  economy  or  appearance  or  travel  comfort 
will  correspond  closely  with  the  figures  derived  in  Chap.  IV. 

An  examination  of  the  vialog  records  in  conjunction  with  ordinary 
New  York  State  maintenance  costs  and  procedure  indicates  that  it  is 
impracticable  to  attempt  to  reduce  the  maximum  coefficient  of  allowable 
roughness  below  200  to  250  as  it  would  increase  maintenance  and  renewal 
costs  out  of  all  proportion  to  the  benefits  derived. 

A  rough  approximation  of  the  maximum  economic  limit  of  mainte- 
nance cost  per  year  for  the  different  types  is  given  below.  When  this 
limit  is  exceeded  resurfacing  or  reconstruction  is  desirable  from  the  stand- 
point of  paving  cost. 


Class  I  traffic 

Class  II  traffic 

Class  III  traffic 

Type  of  pavement 

per 
sq.  yd. 

per 
mile 

per 
sq.  yd. 

per 
mile 

per 
sq.  yd. 

per 
mile 

Asphaltic  concretes 

Bricki 

Cement  concrete* 

$0.17 

0.17 
0.17 
0.17' 

.... 

$1,700 
1,700 
1,700 
1,700 

$0.14 
0.14 
0.14 
0.15 
0.18 

$1,200 
1,200 
1,200 
1,300 
1,600 

$0    12 
0.13 

Bituminous  macadam 

Waterbound  macadam  (oiled) 

$1,000 
1,100 

'  Resurfaced  with  bituminous  concrete. 

As  a  matter  of  fact  maintenance  costs  rarely  reach  these  maximums 
before  renewal  is  resorted  to  as  the  trouble  and  inconvenience  to  traffic 
from  excessive  maintenance  work  is  the  deciding  factor  rather  than  low 
total  cost  of  maintenance  and  renewal.  In  Division  7  when  we  have 
to  spend  around  $1,000  per  mile  to  keep  a  road  in  fairly  good  shape 
reconstruction  is  resorted  to  on  the  score  of  practical  expediency. 


SPECIAL  QUALIFICATIONS  AND  DRAWBACKS  OF  DIFFERENT  PAVEMENTS 

Limitations  Imposed  by  Steep  Grades, — The  following  tabulations 
represent  current  practice  in  regard  to  the  steepest  advisable  grades  on 
which  various  types  are  satisfactory  considering  safety  and  maintenance 
costs. 
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Table  25A 

(Taken  from  Agg's  "Roads  and  Pavements.") 

Surface  Material  Per  Cent 

Wood  block 3 

Asphalt  block 6 

Brick 10 

Sheet  asphalt 5 

Asphaltic  concrete 7 

Bituminous  macadam  (seal  coat) 8 

Bituminous  macadam  (no  seal  coat) 10 

Cement  concrete^ 8 

Hillside  brick 12 

Stone  brick 12 

^  Hard  to  construct  on  grades  over  5  per  cent. 

Table  25B 

Surface  Material  Per  Cent 

Wooden  block 2 

Asphalt  block 4 

Brick  (grout  joints) 5 

Brick  (mastic  joints) 8 

Concrete* 5  to  7 

Bituminous  macadam  with  flush  or  squeegee  coat 5 

(In  sandy  country,  6  per  cent  when  coarse  sand  is  sprinkled  on 
surface.) 

Bituminous  macadam  without  squeegee 8 

Waterbound  macadam 8 

"Hillside"  brick 12 

Stone  block  with  open  joints 12 

1  Hard  to  construct  on  grades  over  5  per  cent. 

On  steep  grades,  the  author  beheves  that  stone  block  is  the  best 
solution,  hillside  brick  second,  penetration  one  coat  pour  bituminous 
macadam  third,  and  waterbound  macadam  fourth.  The  last  two  become 
slippery  if  maintained  by  surface  oiling  and  it  has  been  necessary  in 
some  cases  to  build  a  specially  wide  shoulder  treated  with  gravel  or 
stone  for  horse  traffic.  It  is  very  difficult  to  get  a  satisfactory  surface 
on  concrete  on  grades  over  5  per  cent. 

CLASSIFICATION  FOR  SAFETY  OF  TRAFFIC 
The  sheet  asphalts,  and  similar  constructions  are  dangerous  for  high 
speed  traffic  even  on  fairly  level  grades  during  sleet  storms  or  light  rains 
and  are  not  recommended  for  roads  outside  of  villages  except  for  recon- 
struction where  the  large  economic  saving  due  to  the  use  of  this  type 
overcomes  the  factor  of  reduced  safety.  Slipperyness  can  be  partially 
overcome  by  the  use  of  a  larger  percentage  of  small  stone  in  the  mix,  such 
as  Topeka,  Amiesite,  Warrenite,  etc. 
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Bituminous  macadams,  concrete,  brick,  stone  block,  waterbound 
macadams  and  small  stone  or  brick,  cubes  can  be  ranked  as  safe  surfaces 
for  high-speed  traffic. 

Recommended  Types. — Bituminous  macadams  are  recommended  for 
Class  II  traffic  and  resident  village  streets. 

Waterbound  macadam  for  Class  III  traffic. 

Concrete  for  Class  I  outside  of  villages. 

Brick  for  village  business  streets. 

Stone  block  for  hills  on  Class  I  traffic. 

Asphalt  block  for  extremely  heavy  Class  I  traffic. 

Sheet  Asphalt,  Topeka,  etc.,  are  to  be  avoided  for  original  construc- 
tion where  traffic  travels  at  high  speed  but  its  use  for  reconstruction  has 
decided  advantages  from  an  economic  standpoint.  Its  most  suitable 
location  is  a  resident  village  or  city  street  or  for  heavy  slow  traffic. 

FAILURES 

The  common  causes  of  failure  of  different  pavements  due  to  structural 
defects  are  as  follows.  The  details  of  inspection  are  taken  up  in  the 
fourth  book  of  this  series  but  are  briefly  outlined  in  Chap.  Ill  of  this  volume 
for  the  benefit  of  the  student. 

Stone  Block. — Failures  rare;  will  stand  lots  of  abuse  in  construction. 

Asphalt  Block. — Failures  rare.     When  they  occur  due  to  poor  block. 

Waterbound  Macadam. — Failures  rare.  When  they  occur  are  gen- 
erally due  to  poor  rock,  small-sized  stone  in  top  courses,  and  insufficient 
rolling  or  puddling. 

Penetration  Bituminous  Macadam. — Failures  not  uncommon  due 
to  the  use  of  too  much  soft  binder;  unequal  application  and  overheat- 
ing of  binder.  The  asphalt  companies  advocate  the  use  of  too  much 
bitumen. 

Concrete. — Failures  not  uncommon  due  to  inferior  materials  particu- 
larly dirty  sand  and  to  poor  manipulation,  weak  mix,  and  too  much  water 
content. 

Brick. — Failures  not  uncommon  due  to  poor  brick  and  careless 
grouting. 

Sheet  Asphalt  and  Topeka  Mix. — Failures  not  uncommon  due  to 
overheating  and  poor  mix. 

Example  of  Design  Reports. — The  following  reports  illustrate  the 
practical  application  of  the  data  included  in  Chaps.  I  and  II.  These 
reports  refer  to  recently  designed  roads  in  Division  7,  N.  Y.  State  Depart- 
ment of  Highways.  They  illustrate  conditions  resulting  in  the  recom- 
mendation of  macadam  for  one  case  and  a  rigid  pavement  for  the  other 
case.  The  notes  in  brackets  show  the  location  of  data  in  this  book  which 
were  used  in  connection  with  the  official  reports. 
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SAMPLE  DESIGN  REPORT 

Rush-Mendon  Pt.  I.  Road  No.  1392. 

Monroe  County,  New  York. 
Division  Engineer, 

Rochester,  N.  Y. 
Dear  Sir: 

Find  attached  design  report.  Road  No.  1392. 

Considering  traffic,  soil  and  local  material  conditions,  we  recommend  a 
16-ft.  Penetration  Bituminous  Macadam  Pavement  varying  in  depth  from  10  to 
20  in.  and  averaging  11  in.  for  the  entire  road  with  gravel  shoulders,  6  per  cent 
maximum  grade,  301 -ft.  minimum  radius  of  curvature,  350-ft.  minimum  sight 
distance,  24-ft.  to  32-ft.  width  of  grading  section,  IJ-^  to  1  slopes  and  cut  to  fill 
ratios  of  1.10  to  1.30.  A  satisfactory  pavement  of  this  character  is  estimated 
to  cost  approximately  SI. 60  per  square  yard  for  construction,  $0,035  per  square 
yard  per  year  for  ordinary  maintenance  and  $0.11  per  square  yard  per  year  for 
renewals  over  a  long  term  of  years.  The  total  estimated  construction  cost  is 
$100,000.     The  detail  report  follows: 

DETAIL  REPORT 

1.  Location  and  Length. — Proposed  Road  No.  1392  extends  from  Road  1393 
to  Road  1187  a  distance  of  3.69  miles.  It  completes  the  east  and  west  state 
system  in  this  locality  and  gives  a  continuous  road  from  Caledonia  to  Canan- 
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daigua  via  Scottsville.  It  is  not  likely  that  this  route  will  change  the  volume  of 
traffic  on  Route  6  (Canandaigua  to  Caledonia  via  Avon)  as  Route  6  is  shorter  but 
it  will  serve  as  a  convenient  by  pass  during  times  of  reconstruction  on  Route  6. 

2.  Traffic  Classification. — Road  1392  is  on  the  verge  between  Class  II  and 
Class  III  Traffic  according  to  Classification  Map  (Frontispiece).  It  will  probably 
carry  about  400  to  1,000  vehicles  daily  which  is  lower  limit  Class  II  or  upper  limit 
Class  III. 

3.  Grades  and  Alignment. — The  existing  alignment  is  quite  good  and  only 
requires  minor  improvements.  The  existing  grades  are  in  the  main  easy  with 
a  few  short  steep  grades  of  8  to  9  per  cent.  The  new  profile  as  a  rule  follows  the 
existing  road  closely  with  short  grade  reductions.  The  total  rise  and  fall  for  the 
old  and  new  road  is  about  the  same.  The  proposed  grading  will  have  some  effect 
on  motor  operation  cost  but  is  largely  useful  in  providing  a  convenient  width  for 
traffic  and  a  smooth  bed  for  the  pavement.  In  figuring  the  economic  value  of  the 
improvement  grade  reductions  can  be  given  some  weight  for  this  road.  (See 
accompanying  tabulation  based  on  Curve  1,  Fig.  5,  page  16.)  Total  grading  cost 
estimated  at  $32,000.  Maximum  economic  benefit  of  grading  estimated  at 
$18,000. 

4.  Suitable  Types  of  Pavement  (Based  on  Traffic  Classification).- — For  lower 
limit  Class  II  Traffic,  either  Penetration  Bituminous  Macadam  or  Waterbound 
Macadam  Oiled  is  suitable  (see  Table  9,  page  68).  Reinforced  cement  con- 
crete might  be  considered  under  specially  favorable  conditions  of  Material 
Supply  but  for  the  volume  of  traffic  expected  there  would  probably  have  to  be 
unusually  strong  reasons  of  expediency  to  warrant  consideration  of  this  type. 
For  comparative  estimate  purposes,  the  cheapest  possible  type  of  this  pavement 
will  be  used  (see  Fig.  110,  page  255)  7  in.  uniform  depth  1:2:4  mix  1.7  cement 
content  50-lb.  reinforcement  per  100  sq.  ft.  of  pavement. 

5.  Soils. — The  subgrade  soils  are  as  follows: 


Soil  on  Road  1392 


Station 

Soils 

Station 

Soils 

Oto      2 

Muck 

142  to  154 

Loam  clay 

2  to    72 

Loam  gravel  sand 

154  to  157 

Loam  sand 

72  to  106 

Loam  gravel 

157  to  160 

Loam  muck 

106  to  110 

Sand  loam 

160  to  165 

Loam  clay 

110  to  126 

Loam  clay 

165  to  172 

Loam  sand 

126  to  130 

Loam  muck 

172  to  181 

Clay  loam 

130  to  142 

Loam  gravel 

181  to  194 

Loam  clay 

Named  in  order  of  greatest  amount  of  each  first. 
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Comparison  Capitalized  Motor  Operation  Cost,  Old  and  New  Profile 
(Based  on  Curve  1,  Fig.  5,  Page  16) 


Rate  of 

Estimated 
capitalized  cost 

Old  profile 

New 

profile 

grade, 
per  cent 

per  100  vehicles 

daily  per  foot 

of  distance 

Length, 
feet 

Amount 

100  vehicles 

daily 

Length, 
feet 

Amount 

100  vehicles 

daily 

1 . 0  or  less 

$  9.10 

8,300 

$  75,530 

7,900 

$71,890 

1.5 

9.12 

800 

7,296 

400 

3,648 

2.0 

9.15 

1.200 

10,980 

1,700 

15,555 

2.2 

9.17 

200 

1,834 

800 

7,336 

2.4 

9.19 

500 

4,595 

700 

6,433 

2.6 

9.21 

600 

5,526 

300 

2,763 

2.8 

9.23 

1,000 

9,230 

800 

7,384 

3.0 

9.25 

800 

7.400 

1,600 

14,800 

3.2 

9.28 

800 

7,424 

500 

4,640 

3.4 

9.31 

500 

4,655 

500 

4,655 

3.6 

9.34 

400 

3,736 

1,000 

9,340 

3.8 

9.37 

100 

937 

4.0 

9.40 

400 

3 ,  760 

700 

6,580 

4.2 

9.45 

300 

2,835 

200 

1,890 

4.4 

9.50 

400 

3,800 

400 

3,800 

4.6 

9.56 

500 

4,780 

100 

956 

4.8 

9.63 

200 

1,926 

200 

1,926 

5.0 

9.70 

300 

2,910 

100 

970 

5.2 

9.80 

100 

980 

100 

980 

5.4 

9.90 

100 

990 

5.6 

10.00 

400 

4,000 

300 

3,000 

5.8 

10.10 

400 

4,040 

400 

4,040 

6.0 

10.20 

800 

8,160 

6.5 

10.70 

7.0 

11.20 

100 

1,120 

7.5 

11.85 

500 

5,925 

8.0 

12.50 

200 

2,500 

8.5 

13.25 

100 

1,325 

9.0 

14.00 

100 

1,400 

9.5 

14.75 

10.0 

15.50 

200 

3,100 

100  vehicles  da 
500  vehicles  da 

ily  total 

$184,534 

$180,746 

ily  total 

$922 , 000 

$904 , 000 

Maximum  economic  value  of  grading  $18,000.     ($922,000— $904,000) 
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6.  Uniform  Strength  Design.  (Alternate  Pavement  Estimates). 

Note. — Macadam  depths  based  on  Table  17,  page  100.     Concrete  pavement 
based  on  Fig.  110,  page  255. 


Sta.  to  sta. 


Grading  conditions 


Total  pavement  depths 


Macadam, 
inches 


Concrete 
1:2:4  mix, 
0.5-Ib.  rein- 
forcement per 
square  foot, 
inches 


0-     2 

Muck 

Gravel  fill  4  ft. 

S 

7 

2-  49 

Loam  gravel 

Light  cuts  and  fills 

10 

7 

49-  51 

Loam  gravel 

Fill  2  to  4  ft. 

9 

7 

51-  72 

Loam  gravel 

Light  cuts  and  fills 

10 

7 

72-  89 

Loam  gravel 

Light  cuts  and  fills 

10 

7 

89-  91 

Loam  gravel 

Fill  2  to  5  ft. 

9 

7 

91-106 

Loam  gravel 

Light  cuts  and  fills 

10 

7 

106-110 

Sand  loam 

Light  cuts  and  fills 

9 

7 

110-112 

Loam  clay 

Fill  2  to  4  ft. 

10 

7 

112-123 

Loam  clay 

Light  cuts  and  fills 

12 

7 

123-126 

Loam  clay 

Fill  2  ft.  deep 

11 

7 

126-130 

Loam  muck 

Light  cuts  and  fills 

20 

81 

130-142 

Loam  gravel 

Light  cuts  and  fills 

10 

7 

142-149 

Loam  clay 

Light  cuts  and  fills 

12 

7 

149-153 

Loam  clay 

Fill  1.5  deep 

11 

7 

153-157 

Loam  sand 

Light  cuts  and  fills 

10 

7 

157-160 

Loam  muck 

Light  cuts  and  fills 

20 

8' 

160-165 

Loam  clay 

Light  cuts  and  fills 

12 

7 

165-172 

Loam  sand 

Light  cuts  and  fills 

10 

7 

172-181 

Clay  loam 

Light  cuts  and  fills 

13 

7 

181-194 

Loam  clay 

Light  cuts  and  fills 

12 

7 

Average  depth  macadam  11  in. 

LTse  normal  10  in.  with  extra  subbase  allowance. 

112-in.  gravel  subbase  under  concrete. 

Note. — The  average  of  11  in.  is  liberal  as  Road  502  at  east  end  of  this  road  has 
served  same  class  of  traffic  with  same  general  soil  conditions  with  a  depth  of  9  in.  for 
the  last  10  years  with  only  minor  area  weakness. 

Road  502  has  a  6-in.  boulder  base  and  a  3-in.  penetration  bituminous  macadam 
top. 

We  recommend  for  this  road  a  boulder  base  63-^  to  16>^  in.  deep  laid  in  layers 
not  exceeding  8-in.  depth  filled  with  coarse  gravel  or  crushed  stone  and  capped 
with  a  33^2-1^.  penetration  bituminous  macadam  top. 
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7.  Amounts  of  Material  Required. 
this  road. 


-There  are  37,000  sq.  yd.  of  pavement  on 


Macadam  type  of  pavement  will  require  approximately 

7,800  cu.  yd.  gravel  or  boulder  foundation 

3,700  cu.  yd.  33^2-if'-  top  course 
7.5,000  gal.  bitumen  (binder)  or 
12,000  gal.  surface  oil. 

Concrete  Pavement  will  require  approximately 
7,250  cu.  yd.  1:2:4  concrete 
12,300  bbl.  cement 
166,000  1b.  steel 
10,000  lin.  ft.  expansion  joints. 
400  cu.  yd.  gravel  foundation 

8.  Materials  Available. — For  details,  see  Survey  field  book  1392.  A  limited 
supply  of  local  boulder  fence  stone  fit  for  subbase  or  crushed  bituminous  mac- 
adam top  is  available.  Unlimited  supplies  of  coarse  hard  gravel  fit  for  subbase, 
subbase  filler  or  concrete  is  available.  Imported  materials  can  be  unloaded  at 
Rochester  Junction  or  Rush  and  delivered  with  short  hauls.  .  Water  supply 
abundant  year  round  from  Honeoye  Creek. 

For  purposes  of  estimating  concrete  pavement,  use  Mead's  gravel  pit  Sta.  50. 

For  purposes  of  estimating  macadam,  use  local  boulder  subbase  bottom 
entire  length  filled  with  gravel  or  local  crushed  stone  and  capped  with  3>^-in. 
consolidated  depth  of  local  granite  top  Sta.  0-100  and  imported  limestone  top 
Sta.  100-195.  There  are  10,000  to  12,000  cu.  yd.  of  boulder  available  but  in 
order  to  get  this  amount,  the  farmers  will  insist  on  bottoms  being  cleaned  up 
which  will  necessitate  blasting  large  granite  boulders  which  can  be  used  to  best 
advantage  for  local  stone  top  Bituminous  Macadam  Type.  For  Waterbound 
Macadam,  imported  limestone  will  have  to  be  used. 

On  this  basis,  fair  comparative  preliminary  estimates  of  cost  are  given  in 
Article  9.     Detail  cost  figures  are  on  file  in  estimate  book  under  Road  1392. 

9.  Comparative  Cost  Estimates. 


Type 


Average 
thick- 
ness, 
inches 


Costs  per  square  yard  of  pavement 


Estimated 
construc- 
tion cost 


Yearly 
interest, 
5  per  cent 


Yearly 
mainte- 
nance, 
Table  24, 
page  141 


Yearly 
renewal, 
Table  24, 
page  141 


Total 

yearly 

charge 


Waterbound'  macadam 
Bituminous^  macadam. 
Cement  concrete 


11 

$1.50 

$0,075 

$0,065 

$0.10 

11 

1.60 

0.08 

0.035 

0.11 

7 

2.30 

0.115 

0.010 

0.12 

50.24 
0.225 
0.245 


'  Limestone  top  (oiled). 

^  Part  granite,  part  limestone  top. 

Grading,  culverts  and  incidental  items  are  estimated  at  $43,000  for  all  types 
of  pavement. 
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Total  estimated  construction  costs  for  different  widths  of  different  types  are 
tabulated  below: 


Widths    of    pavement 

Type  of  pavement 

8  ft. 

10  ft. 

12  ft. 

14  ft. 

16  ft. 

18  ft. 

$70,000 
73,000 
85 , 000 

$78,000 
80,000 
96,000 

$85,000 
88 , 000 
108,000 

$  99,000 
94 , 000 
116,000 

$  99,000 
102,000 
128,000 

$105,000 

Bituminous  macadam 

109,000 
138,000 

Effect  of  Motor  Operation  on  Total  Cost  of  Types  to  the  Community  (Based 
ON  Table,  Page  149,  Chap,  II) 

For  a  volume  of  500  vehicles  daily  the  comparative  total  yearly  charge  against  the 
different  types  proposed  is  as  follows: 

Waterbound  macadam $0 .  24    +$0.01  =  $0 .  25 

Bituminous  macadam 0.225  +    0.01  =    0.235 

Cement  concrete 0.245+    0.00=    0.245 


10.  Reasonable  Maximixm  Expenditure. — Reasonable  expenditures  based  on 
reduction  in  traffic  operation  cost  can  be  estimated  approximately  as  follows: 

Grade  reduction  value  (Article  3  of  this  report)  is  estimated  at  not  to  exceed 
$18,000. 

Pavement  value  is  roughly  estimated  as  follows:  The  old  existing  road  is  a 
narrow  gravel  road  in  fairly  good  condition;  the  new  pavement  will  not  probably 
reduce  the  cost  of  operation  over  SO.Ol  per  vehicle  mile  but  it  will  add  materially 
to  the  safety  and  convenience  of  operation  which  are  classed  as  intangible 
benefits.  Actual  reductions  in  operation  cost  (see  Table  3,  page  22)  will  not 
probably  justify  construction  expenditures  of  over  $16,000  per  mile  for  500  vehi- 
cles daily  or  a  total  of  approximately  $60,000.  The  total  maximum  economic 
value  including  grading  and  pavement  does  not  probably  exceed  $75,000.  Any 
expenditure  over  this  amount  must  be  charged  to  convenience,  pleasure  and  other 
desirable  intangible  benefits.  This  indicates  that  caution  should  be  exercised 
in  running  the  cost  up  needlessly.  Article  9  indicates  that  in  order  not  to  exceed 
the  economic  limit  a  10-ft.  width  of  Waterbound  Macadam  is  the  most  feasible 
solution.  A  pavement  as  narrow  as  this  is  not  in  accord  with  the  general 
highway  policy  which  is  based  on  a  minimum  width  of  16  ft.  on  the  score  of 
intangible  benefits.  We  therefore  recommend  the  use  of  16-ft.  width  of  Bitu- 
minous Macadam  estimated  to  cost  $100,000.  This  recommendation  seems  to  be 
warranted  as  this  type  will  satisfy  traffic  demands  without  running  the  con- 
struction cost  up  needlessly  and  without  increasing  the  total  final  cost  of  road 
including  Maintenance,  Renewal  and  motor  operation  over  and  above  the  final 
cost  resulting  from  the  use  of  a  more  expensive  first  cost  pavement. 

Signed    W.  G.  Harger, 

Designing  Engineer. 
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Remarks. — For  the  interest  of  the  reader,  actual  procedure  on  this  road  was 
as  follows:  Plans  were  first  prepared  for  cement  concrete  pavement.  Before 
these  were  let,  the  administration  changed  and  the  plans  were  revised  for  Bitu- 
minous Macadam  7-in.  Boulder  Base,  3-in.  Imported  Slag  Middle  Course  and 
2V^-in.  Imported  Limestone  top,  Engineer's  estimate  of  cost  $123,000.  The 
road  was  constructed  on  this  basis  for  $102,000  actual  contract  cost;  the  pave- 
ment proper  cost  $65,000  or  approximately  $1.75  per  square  yard.  This  final 
solution  was  an  improvement  over  the  first  plans.  A  careful  engineering  design 
could  probably  have  decreased  the  cost  at  least  $8,000  to  $10,000  as  shown  in  the 
body  of  this  report  by  a  more  complete  utilization  of  local  materials  and  more 
variation  in  depth  to  meet  varying  soil  conditions  and  a  somewhat  more  econom- 
ical grading  design. 


PRELIMINARY  DESIGN  REPORT 

Mt.   Morris  Village  State-County  Highway  Lu'ingston  County,  New  York 

State 

1.  Location  and  Length. — The  proposed  improvement  extends  from  the  south 
corporation  line  at  Buck  Run  northerly  along  Main  St.  to  State  St.  a 
distance  of  approximately  4,800  ft.,  and  on  Chapel  St.  from  Main  St.  to 
Clinton  St.  a  distance  of  approximately  400  ft.  This  construction  will 
complete  the  state  system  through  Mt.  Morris  Village  and  furnish  the  final  con- 
necting link  between  the  following  previously  improved  roads  Nos.  482,  855, 
5,270  and  5,665. 

2.  Grades  and  Alignment. — The  grades  are  easy  and  the  alignment  straight. 
No  grade  reductions  will  be  required  nor  will  any  rights  of  way  be  necessary  to 
improve  the  alignment. 

3.  Traffic  Classification  (Based  on  Traffic  Classification  Map,  See  Frontis- 
piece).— This  road  is  Class  II  from  Sta.  0-26  (Buck  Run  to  Erie  St.)  and  on  the 
verge  between  Class  II  and  Class  I  from  Sta.  26  to  48  (Erie  St.  to  State  St.). 
From  Sta.  26^8  it  lies  in  the  business  section  of  the  village  and  takes  all  traffic  to 
the  Erie  Ry.  Station. 

4.  Suitable  Types  of  Pavement  (In  Respect  to  Traffic  Classification). — 
Between  Sta.  0-26  (Class  II  Traffic)  either  Bituminous  Macadam  or  Reinforced 
Cement  Concrete  are  suitable. 

Between  Sta.  26-48  (Class  I  Traffic)  either  Brick  or  Asphaltic  Concrete  on 
Concrete  Bases  or  Reinforced  Cement  Concrete  are  suitable. 
(For  suitability  of  pavements  see  Table  9,  page  68.) 

5.  SoUs. 

The  subgrade  soils  are  as  follows: 

Sta.      0-     4 Ordinary  loam 

Sta.      4-     7 Quicksand 

Sta.      7-22 Ordinary  loam 

Sta.    22-48 Gravelly  soil 

Sta.  880-884 Gravelly  soil 
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6.  Equal  Strength  Design  (Based  on  Table  17,  Page  100  and  Table  23,  Page 

137). — Considering  the  above  list  of  soils  and  that  the  road  is  entirely  in  cut, 
the  following  depths  of  pavement  are  recommended: 

Total  Pavement  Thickness  in  Inches 


Location 

Type 

Bituminous 
macadam 

Reinforced 
concrete  0.65 
lb.  per  sq.  ft. 

3-in.  asphaltic 
concrete  surface 
on  concrete  base 

4-in.  brick 

on  concrete 

base 

Sta. 

0-     4 

13 

8                  i                 10 

11 

Sta. 

4-     7 

24 

8^ 

102 

112 

Sta. 

7-22 

13 

8 

10 

11 

Sta. 

22-  48 

10 

7 

9 

10 

Sta. 

880-884 

10 

7 

9 

10 

^  Bottom  and  top  reinforcement  and  subbase. 
2  Gravel  subbase. 


7.  Materials  Available. — Local  sand  and  gravel  fit  for  concrete  paving  base, 
culverts  or  subbase  bottom  courses  are  available  as  follows : 

Gravel  pit  owned  by  Village  of  Mt.  Morris  located  2,000  ft.  (down  hill  haul) 
west  of  Sta.  46.  This  gravel  if  screened  ought  to  be  suitable  for  the  coarse 
aggregate  for  concrete  paving  base  but  is  not  probably  good  enough  for  concrete 
pavement.  This  pit  has  been  sampled  7-914  and  submitted  to  Albany  for 
approval.  The  price  of  this  gravel  is  75c.  per  cubic  yard  at  the  pit.  This  gravel  is 
suitable  (pit  run)  for  subbase  under  macadam  Sta.  0-22.  Seven  thousand  cubic 
yards  are  available. 

Sand  pit,  owned  by  Jerry  Donovan,  located  2  miles  west  of  Sta.  46. 
Unlimited  quantity.  Rather  uniform  fine  grained  sand.  Field  test  showed  3 
per  cent  loam.  Probably  good  for  any  grade  of  concrete  except  concrete  pave- 
ment. Sample  7-913  taken  and  submitted  to  Albany  for  approval.  Price  at 
pit  50c.  per  cubic  yard. 

Imported  sand  fit  for  any  grade  of  concrete  can  be  obtained  from  the  Valley 
Sand,  Penn.  Ry.  delivery  at  11.45  per  ton  f.o.b.  Mt.  Morris.  Screened  gravel 
from  the  same  source  $1.35  per  ton  f.o.b.  Mt.  Morris. 

Imported  crushed  limestone  acceptable  for  all  work  can  be  obtained  from 
Le  Roy  $2.05  per  ton  f.o.b.  Mt.  Morris,  Erie  Ry.  delivery. 

Crushed  slag  fit  for  macadam  bottom  course,  $2.35  per  ton  Erie  Ry.  delivery. 

5ncfc.— $41.50  per  1,000  f.o.b.  Mt.  Morris  any  railroad. 

Cement.— $2.35  f.o.b.  Mt.  Morris  (bags  returned). 

Water. — Village    water   supply.     Hydrants   located    at    frequent   intervals. 

Old  Macadam. — In  order  to  fit  the  sidewalks  about  900  cu.  yd.  old  macadam 
will  have  to  be  excavated.  This  can  be  screened  and  reused  as  macadam  bottom 
course  between  Sta.  0-26. 
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8.  Comparative  Cost  Estimates. — The  construction  cost  estimates  are  based 
on  the  equal  strength  depths  recommended  in  article  6  of  this  report  and  on  the 
material  prices  quoted  in  article  7  of  this  report.     Labor  at  35c.  per  hour. 

The  maintenance  and  renewal  estimates  are  based  on  modified  department 
records  (see  Table  24,  page  141). 


Table  of  Comparative  Costs 


Type 


Bituminous  macadam 

Bituminous  macadam 

Reinforced  cement  concrete 

3-in.    asphaltic  concrete  on  6-in. 

concrete  base 

4-in.    brick    ^i-in.    cement  sand 

cusiiion  5-in.  concrete  base.  .  .  . 


2 

3 

1^ 

4 

<s 

0. 

1    03 

B   m 

O   OT3 

o  o 

13  CO 

.2o 

lu  o  "^ 

°.2S 

8$ 

III 

£  2  S 

0-26 

$1.60 

$0.08 

26-48 

1.90 

0.095 

0-48 

2.70 

0.135 

26-48 

3.10 

0.155 

26-48 

4.10 

0.205 

"1 


Mainte- 
nance 


$0,040 
0.050 
0.010 

0.025 

0.015 


Re- 
newal 


$0.12 
0.18  = 
0.16  = 

0.17 

0.15 


-  3  j2    --d 

-  O  t-  o  tj 


$0,005 
0.005 
0.005 

0.005 

0 .  005 


5  o  S 

c3  g^T3 
6g3'« 


tf"0.25 
0.33 
0.32 

0.35 

0.37 


1  Based  on  $100  per  mile  divided  by  the  number  of  square  yards  of  pavement  in  the  job. 

2  Eventually  sheet  asphalt  resurface. 


The  difference  in  Motor  Opsration  Cost  for  the  different  types  of  surface 
(see  Table,  page  149)  would  not  add  over  $0.02  per  sq.  yd.  per  year  to  the 
total  yearly  cost  of  Macadam  as  compared  with  Class  A  surfaces  which 
brings  the  total  estimated  cost  of  the  last  column  up  to  $0.27  for  Bituminous 
Macadam  Sta.  0-26. 

From  the  standpoint  of  both  original  and  final  cost  there  is  a  very  evident 
advantage  for  macadam  Sta.  0-26.  The  local  people  have  no  particular  pref- 
erence as  to  type  of  pavement  for  this  portion  of  the  road.  Local  preference 
would  be  the  only  factor  entitled  to  modify  decisions  based  on  the  cost  analysis 
provided  the  additional  cost  is  paid  locally.  As  this  factor  need  not  be  con- 
sidered we  recommend  bituminous  macadam  pavement  from  Sta.  0-26. 

From  Sta.  26  to  48  local  preference  must  be  considered.  The  village  proposes 
to  pay  the  additional  cost  introduced  by  such  preference  as  to  type  and  extra 
width  desired.  Under  these  conditions  the  cost  analysis  is  of  value  only  as  indi- 
cating proper  state  cooperation.  Article  10  gives  alternate  total  estimates  of 
cost  to  enable  the  village  to  come  to  a  reasonable  decision  as  to  the  type  they 
will  ask  for. 

9.  Recommended    State    and   County   Cooperation  Based   on   Final  Cost, 

(Article  8). — The  State  would  be  justified  in  limiting  their  cooperation  to  the  cost 

of  a  16-ft.  bituminous  macadam  pavement  Sta.  0-26  and  an  18-ft.  reinforced 

concrete  pavement  Sta.  26-48  and  880  to  883 -|-  with  ordinary  surface  drainage 

11 
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provisions.  This  would  amount  to  approximately  $35,000.  This  is  not  an 
excessive  amount  if  the  funds  are  available  (see  Table  3,  page  22)  considering 
the  volume  of  traffic  served.     (About  1,500  daily.) 

I  understand  that  the  rules  of  the  Department  limit  cooperation  to  the 
construction  of  a  16-ft.  road  of  the  same  type  already  constructed  outside  of  the 
village.  This  rule  would  limit  cooperation  to  a  16-ft.  bituminous  macadam  which 
would  cost  approximately  $30,000  for  this  locality.  Under  these  circumstances 
it  seems  desirable  to  set  the  cooperation  at  $30,000. 

10.  Preliminary  Cost  Estimates. — The  following  estimates  have  been  pre- 
pared to  give  the  village  authorities  some  basis  for  decision  as  to  type  and  width. 
These  estimates  are  rough  preliminary  figures  subject  to  final  revision  after  the 
plans  are  worked  out  in  detail.  They  are,  however,  liberal  and  will  in  all  prob- 
ability exceed  the  final  figures  by  from  10  to  15  per  cent.  Sidewalks,  curbing 
and  storm  sewers  are  itemized  separately  to  permit  the  village  to  estimate  general 
and  local  charges.  The  pavement  widths  used  have  been  tentatively  approved 
by  the  Village  Board  and  are  listed  as  follows.: 


Width,  feet 

18  (no  curb) 

20  (no  curb) 

34  (curb) 

34  to  60  (curb) 

60  (curb) 

40  (curb) 


Sta. 

0 

to  Sta. 

16 

Sta. 

16 

to  Sta. 

26 

Sta. 

26 

to  Sta. 

36 

Sta. 

36 

to  Sta. 

39 

Sta. 

39 

to  Sta. 

48 

Sta.  880  +  37  to  Sta.  883  +  66  + 


A  complete  system  of  storm  sewers  is  provided. 
The  unit  prices  for  the  major  items  are  as  follows: 
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Adopted  Unit  Prices 

Excavation $1 .  00  cu.  yd. 

Gravel   subbase 2 .  20  cu.  yd. 

Macadam  bottom  (old  macadam  reused) 2. 50  cu.  yd. 

Macadam  bottom  (new  slag) 4. 80  cu.  yd. 

Bituminous  macadam  top  (limestone) 8 .  00  cu.  yd. 

Bituminous  mat.  A  (penetration  macadam) 0.12  gal. 

7-in.  reinforced  cement  concrete  pavement 2. 70  sq.  yd. 

3-in.  asphaltic  concrete  on  6-in.  cement  concrete  base. ...  3. 10  sq.  yd. 
4-in.  brick,  cement  sand  cushion,  5-in.  cement  concrete 

base 4 .  10  sq.  yd. 

Sidewalk 0 .  25  sq.  ft. 

Curb  (concrete) 0. 90  lin.  ft. 

Alternate  Total  Estimates 

Estimate  1.     Bituminous  macadam  10,  13  and  24  in.  thick. 

1.  Excavation $12,000 

2.  Curbing 6,000 

3.  Sidewalks 3,000 

4.  Special  drainage 9 ,  000 

19,200  sq.  yd.  bituminous  macadam  pavement  @  $1.90 36,000 

Incidentals 3 ,  000 

$69,000 
State  and  county  cooperation 30,000 

Total  village  share $39,000 

Estimate  2. 

Bituminous  macadam  Sta.  0-26. 

Reinforced  cement  concrete  Sta.  26-48  and  Chapel  St. 

Items  1-4  (Estimate  No.  1) $30,000 

13,600  sq.  yd.  reinforced  concrete  pavement  @  $2.70 37,000 

5,600  sq.  yd.  bituminous  macadam  @  $1.60 9,000 

Incidentals 3 ,  000 

Total $79,000 

State  and  county 30 .  000 

Total  village  share $49 ,000 

Estimate  3. 

Bituminous  macadam  Sta.  0-26. 

3-in.  asphaltic  concrete  on  6-in.  concrete  base  26  to  48  and  Chapel  St. 

Items  1-4  (Estimate  No.  1) $30,000 

13 ,  600  sq.  yd.  asphalt  pavement  @  $3 .  10 42 ,  000 

5,600  sq.  yd.  bituminous  macadam  @  $1.60 9,000 

Incidentals 3 ,  000 

Total $84,000 

State  and  county  cooperation 30, 000 

Total  village  share $54,000 
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Estimate  4. 

Bituminous  macadam  Sta.  0-26. 

4-in.  brick,  cement  sand  cushion  and  5-in.  concrete  base. 

Items  1-4  (Estimate  No.  1) $30,000 

13,600  sq.  yd.  brick  pavement  @  $4. 10 ,  .  .      56,000 

5,600  sq.  yd.  bituminous  macadam  @  $1.60 9,000 

Incidentals 3 ,  000 

Total $98,000 

State  and  county  cooperation 30,000 

Village  total $68 ,  000 

Signed  W.  G.  Harger, 

Designing  Engineer. 

Remarks. — For  the  interest  of  the  reader  actual  procedure  on  this  road  was  as 
follows.  The  contract  was  let  for  reinforced  cement  concrete  pavement  Sta.  0-26 
and  brick  pavement  Sta.  26-48  the  local  people  paying  the  excess  cost  over  and 
above  the  State  Fund  limit  advised  in  the  foregoing  report.  This  was  a  rational 
solution  considering  local  preference  and  willingness  to  assume  added  cost. 


CHAPTER  III 
DETAILS  OF  DESIGN  AND  CONSTRUCTION 

This  chapter  gives  a  concise  description  of  the  details  of  design  and 
construction  of  various  pavement  types.  Current  practice  is  the  best 
guide  in  these  details  as  it  represents  accumulated  practical  experience 
under  actual  construction  conditions.  The  interests  of  both  engineers 
and  material  industries  is  identical  in  this  phase  of  road  work,  namely, 
to  utilize  to  the  best  advantage  the  material  adopted.  For  this  reason, 
current  practice  is  clear  cut  and  rational.  The  previous  chapter  empha- 
sized the  necessity  of  caution  in  accepting  the  arguments  of  non-technical 
current  literature  in  regard  to  the  selection  of  pavement  type  as  in  that 
phase  of  the  problem,  business  and  engineering  interests  often  clash  but 
after  the  type  is  once  selected  the  procedure  of  construction  is  generally 
very  good.  There  are  a  number  of  excellent  books  on  the  market  which 
go  into  construction  methods  quite  completely.  We  have  no  desire  to 
duplicate  in  too  much  detail  existing  material  and  have  therefore  con- 
densed this  chapter  to  a  brief  statement  of  essentials.  For  the  best  up 
to  date  practical  suggestions  covering  detail  equipment  and  construction 
manipulation  of  standard  materials,  the  student  is  referred  to  current 
publications  obtainable  free  of  charge  from  The  Asphalt  Association,  New 
York  City,  The  Portland  Cement  Association,  Chicago,  The  Brick 
Manufacturers  Association,  Cleveland  and  other  responsible  Material  and 
Equipment  Organizations. 

EARTH  ROADS 

Rut  Roads. — The  simplest  form  of  road  is  the  so-called  rut  road  used 
in  the  arid  regions  of  New  Mexico  and  the  southwest.  They  are  con- 
structed by  clearing  the  right-of-way  of  brush  and  then  cutting  two 
shallow  parallel  ruts  in  the  surface  vegetation  or  soil  crust  by  means  of 
two  cutting  irons  gaged  to  fit  the  ordinary  wagon  track.  A  wagon  trail 
of  this  kind  can  be  constructed  for  $10  to  $30  per  mile;  can  be  used 
by  autos  with  fair  comfort  at  speeds  up  to  15  miles  an  hour  and  on 
the  flat  mesas  of  this  district  are  more  lasting  and  satisfactory  than  the 
ordinary  turnpiked  section  as  so  little  rain  falls  that  an  elevated  fill  grade 
does  not  consolidate  and  is  worse  than  useless  for  traffic.  On  these  rut 
roads  any  rain  storms  that  occur  wash  the  coarser  particles  of  the  soil 
into  the  ruts  and  gradually  an  armored  track  is  formed  below  the  general 
elevation  of  the  mesa.  No  drainage  structures  are  necessary  where 
construction  of  this  type  is  adopted. 
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Earth  Roads. — The  same  principles  of  grade,  section  and  drainage 
apply  to  this  class  of  road  as  to  the  higher  types  except  that  the  surface 
ditches  are  generally  made  slightly  deeper  and  njore  care  is  taken  with 
the  underdrainage;  this  is  necessary  as  the  earth  road  becomes   more 


h 

^%^ 

fW-    , jmMtj^^  •     'x'^iJt^^^H 

■1  >^&.  *^H^,^' 

IH^^PHRfMUj^^Ml 

yij"w~^Bwu~..  ^  .i"^"^^' 

> , "    .  * 

'''^^ 

Fig.  53. — "Rut  Roads"  ia  New  Mexico  cost  $10  to  $20  per  mile  and  very  satisfactory 
for  light  travel  up  to  speeds  of  15  to  20  miles  per  hour. 

easily  saturated  with  water  than  types  which  are  sealed  over  on  the 
surface.  If  the  natural  soil  is  good  road  material  such  as  gravel,  disinte- 
grated rock,  hardpan  or  sandy  loam  this  type  of  construction  carefully 
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CuH'in^  Rig  for  Rut  Road 
Fig.  54. — "Rut  roads." 


graded,  drained  and  shaped  by  blader  finish  and  maintained  by  dragging 
makes  a  satisfactory  road  for  light  traffic.  Their  cost  depends  on  the 
amount  of  grading  required  and  the  methods  that  can  be  used.     The 
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cost  of  drainage  culverts,  incidentals,  etc.,  will  vary  but  will  run  about 
$600  per  mile  for  good  work. 

Simple  blade  machine  turnpiking,  where  the  dirt  from  the  ditches 
made  the  center  fill  cost  (in  districts  similar  to  Wyoming  in  1914-1915) 
about  $150  per  mile.  The  same  work  at  present  (1918)  is  bid  off  for 
about  $200  per  mile.  A  fair  relative  price  for  first-class  work  of  this 
kind  including  drainage  and  incidentals  can  be  placed  at  $600  to 
per  mile. 
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Fig.  55. — Good  example  of  mountain  natural  soil  road.     Note  the  rock  "wheel  guard." 

In  rolling  country  requiring  grade  reductions  by  cut  and  fill  and  wagon 
haul  a  fair  relative  price  including  drainage  and  incidentals  is  approxi- 
mately $2,000  to  $4,000,  where  no  rock  is  encountered. 

In  mountain  road  work  where  the  excavation  runs  anywhere  from 
1,000  to  30,000  cu.  yd.  per  mile  with  a  large  percentage  of  rock  the  cost 
will  riTn  anywhere  from  $1,000  per  mile  to  $25,000  per  mile.  A  fair 
average  for  such  conditions  is  $5,000  to  $8,000  per  mile  (1922  cost 
conditions). 

As  previously  stated  it  is  entirely  a  matter  of  required  grading. 

Current  practice  in  earth  road  sections  is  shown  in  the  following 
Figures : 

Mountain  roads :.....  Fig.  56,  page  168 

Iowa  standards ;  Fig  .57,  page  168 

Pennsylvania  standards Fig.  58,  page  169 

Current  practice  in  grading  and  finishing  are  given  in  the  following 
typical  specifications: 
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Fig.  56. — U.  S  Bureau  of  Public  Roads  standard  mountain  earth  road  sections. 
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Fig.  57. — Typical   earth   road   sections,  State   of   Iowa; 
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Earth  road  maintenance  is  discussed  in  Chap.  IV.  The  cost  ranges 
from  $20  to  $200  per  mile  per  year  and  for  ordinary  conditions  probably 
averages  about  $50  to  $100.  Where  it  rises  above  these  amounts  a 
better  grade  of  surface  is  generally  constructed. 

Where  the  soil  is  not  a  good  road  material  the  surface  is  improved  by 
artificial  mixtures  of  selected  soil  or  by  surfacing  with  gravel,  chert, 
disintegrated  granite,  slag,  shell  cinders,  etc.,  in  fact  any  local  material 
that  gives  body  to  the  surface  and  prevents  softening. 
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Fig.  58. — Typical  earth  and  light  gravel  road  sections,  State  of  Pennsylvania. 


STANDARD  SPECIFICATIONS  FOR  EARTH  AND  GRAVEL  ROAD  CONSTRUCTION' 


1.  Alignment. — The  center  of  the  finished  roadway  shall  conform  in  alignment  to  the 
center  stakes.  These  stakes  shall  follow,  as  nearly  as  possible,  the  center  line  of  the  right- 
of-way. 

2.  Grade  Lines. — The  grade  line  shown  on  the  profiles  shall  denote  the  crown  of  the 
finished  roadway  at  its  center  line. 

3.  Cross-section. — Unless  otherwise  provided  the  cross-section  to  be  used  is  the  stand- 
ard cross-section  of  the  Highway  Commission  for  the  road  system  on  which  the  work  is 
located. 

Note. — The  Commission  will  approve  changes  in  the  standard  cross-section  to  meet 
local  conditions,  on  specific  improvements,  but  a  change  approved  for  one  road  shall  not  be 
construed  to  apply  to  other  roads.  In  each  case  the  proposed  change  should  be  submitted 
to  the  district  engineer  who  will  make  a  field  examination  to  determine  the  feasibility  of  the 
changes  proposed. 

4.  Grading. — Under  this  head  will  be  included  all  excavation  and  embankments  required 
for  the  formation  of  the  earth  roadway,  cutting  all  ditches  along  or  contiguous  to  the  road, 
forming  the  approaches  to  all  side  roads  and  farm  entrances,  changing  of  stream  channels, 


'  Revised  series  of  1917,  Iowa  State  Highway  Commission. 
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and  all  other  excavations  and  embankments  connected  with  or  incident  to  the  construction 
of  the  road.     Grading  will  be  estimated  under  the  following  heads,  viz: 

Solid  rock  excavation. 
Loose  rock  excavation. 
Earth  excavation. 

Solid  rock  excavation  will  include  all  rock  in  masses  which  can  not  be  removed  without 
blasting,  also  all  detached  rock  or  boulders  measuring  not  less  than  one  cubic  yard  each. 

Loose  rock  excavation  will  include  all  slate  or  other  rock  which  can  be  quarried  or  removed 
without  blasting,  also  all  detached  rock  or  boulders  measuring  not  less  than  one-fourth  nor 
more  than  1  cu.  yd.  each. 

Earth  excavation  will  include  all  loose  stones,  boulders,  and  other  material  of  every 
description  as  found,  which  are  not  included  in  the  above  specifications  as  solid  and  loose 
rock. 

5.  Excavation.- — Excavation  shall  be  made  in  all  cases  to  the  required  alignment  and 
cross-section.  Any  roots,  stumps,  or  other  timber  encountered  in  the  excavation  shall  be 
removed  and  burned  or  otherwise  disposed  of  as  directed  by  the  engineer,  but  shall  not  be 
placed  in  the  embankments.  All  materials  taken  from  excavations  shall  be  deposited  in  the 
embankments  unless  otherwise  specified  or  directed  by  the  engineer.  The  cost  of  moving 
the  same  when  the  average  length  of  haul  does  not  exceed  500  ft.  will  be  considered 
as  included  in  the  price  per  cubic  yard  for  excavation. 

6.  Provision  for  Drainage. — -If  it  is  necessary  in  the  prosecution  of  the  work  to  interrupt 
or  obstruct  the  natural  drainage  of  the  surface,  or  the  flow  of  artificial  drains,  the  contractor 
shall  provide  for  the  same  during  the  progress  of  the  work  in  such  a  way  that  no  damage  shall 
result  to  either  public  or  private  interests.  He  shall  then  be  held  liable  for  all  damages 
which  may  result  from  any  neglect  to  provide  for  either  natural  or  artificial  drainage  which 
he  may  have  interrupted. 

7.  Intercepting  Ditch. — In  cuts  along  sidehills  where  there  is  a  possibility  of  surface 
water  causing  damage  by  flowing  down  the  side  slope  of  the  cut,  a  ditch  shall  be  constructed 
to  intercept  the  surface  water  and  prevent  it  from  flowing  into  the  cut.  The  contractor 
will  be  paid  for  this  work  as  an  extra. 

8.  Borrow  Pits. — When  sufficient  material  for  the  embankments  is  not  obtainable  within 
the  side  ditches  and  excavations  as  staked  out,  the  contractor  shall  make  up  the  deficiency 
from  borrow  pits  laid  out  by  the  engineer.  Borrowing  must  be  done  from  regular  shaped 
borrow  pits  in  order  to  admit  of  ready  and  accurate  measurements,  care  being  taken  not  to 
injure  or  disfigure  the  land  unnecessarily.  The  banks  must  be  sloped,  the  pits  so  con- 
structed that  surface  water  will  drain  out  and  the  premises  left  in  a  condition  satisfactory 
to  the  engineer.     The  right-of-way  for  borrow  pits  will  be  furnished  by  the  county. 

9.  Berms. — Wherever  it  becomes  necessary  to  make  an  excavation  along  the  side  of  the 
road  as  in  the  construction  of  borrow  pits,  ditches,  etc.,  a  berm  not  less  than  4  ft.  in 
width  shall  be  left  between  the  toe  of  slope  of  the  roadway  embankment  and  the  top  of  the 
excavation  bank. 

10.  Waste. — When  the  amount  of  cut  exceeds  the  amount  of  fill  the  excess  material 
shall  be  deposited  as  directed  by  the  engineer.  Such  material  shall  preferably  be  used  in 
widening  the  adjacent  fills  so  as  to  reduce  the  side  slopes  thereon. 

11.  Embankments.^ — Embankments  shall  be  carried  up  in  horizontal  layers,  each  of 
which  shall  be  carried  out  to  its  proper  width  in  the  cross-section  of  the  roadway.  Sod 
obtained  in  the  cuts  may  be  deposited  in  the  embankments  provided  it  is  so  placed  as 
to  be  not  closer  than  12  in.  to  the  finished  roadway  or  sub-grade.  Stones  obtained 
from  cuts  shall  be  so  distributed  in  the  embankments  as  to  not  form  pockets  or  cavities. 
All  existing  slopes  and  surfaces  of  embankment  shall  be  plowed  where  additional  fill  is  to  be 
made,  so  that  the  new  material  will  bond  with  the  old. 

12.  Guard  Rail. — Where  the  height  of  an  embankment  is  over  6  ft.  substantial 
guard  rails  shall  be  constructed  along  the  shoulders.  Such  guard  rail  will  be  paid  for  at  the 
price  bid  per  lineal  foot  of  rail.  Where  the  height  of  the  embankment  is  6  ft.  or  less,  the 
side  slopes  shall  be  flattened  to  a  slope  not  steeper  than  three  to  one  (3  :  1)  unless  otherwise 
shown  on  the  plans. 

1  This  is  a  rather  poor  clause.     See  page  278  for  better  embankment  practice  for  deep  fills. 
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13.  Sod  in  Blade  Grader  Work  and  Shallow  Fills. — In  blade  grader  work  and  in  fills 
so  shallow  that  the  sod  cannot  be  kept  at  least  12  in.  below  the  finished  roadway, 
such  sod,  after  being  cut  loose  with  blade  grade  or  plows,  shall  be  disked  and  harrowed 
until  it  is  reduced  to  small  pieces  which  will  not  interfere  with  traffic.  These  small  pieces 
of  sod  shall  not  be  deposited  in  the  middle  of  the  road  but  shall  be  deposited  near  the 
shoulders  and  shall  be  covered  with  earth.  The  middle  portion  of  the  road  shall  be  formed 
of  earth  free  from  sod.  The  disking  and  harrowing  of  sod  is  included  in  the  price  bid  for 
excavation. 

14.  Side  Ditches. — The  side  ditches  shall  be  excavated  to  the  depth,  alignment,  and 
cross-section  shown  on  the  drawings.  Care  shall  be  taken  to  secure  a  uniform  grade  on  the 
ditches  so  that  the  water  will  readily  drain  out,  and  to  secure  smooth,  uniform  slopes  on  the 
ditch  banks  in  strict  conformance  with  the  drawings. 

15.  Clearing  and  Grubbing. — The  ground  included  in  the  highway  must  be  cleared  of 
trees,  stumps,  brush,  weeds  and  grass  to  the  full  width  of  right-of-way,  unless  otherwise 
directed.  All  timber,  stumps,  brush,  and  other  vegetable  matter  must  be  burned  unless 
otherwise  directed  by  the  engineer.     Such  material  shall  not  be  placed  in  the  embankments. 

Where  embankments  are  to  be  more  than  2^^^  ft.  in  height,  it  will  be 
sufficient  to  cut  all  trees,  stumps,  and  brush  close  to  the  ground.  Where  embankments 
are  to  be  less  than  2j-^  ft.  in  height,  and  in  all  excavations,  all  stumps  and  large 
roots  must  be  grubbed  out  and  burned  or  removed. 

Unless  otherwise  specified,  clearing  and  grubbing  will  be  paid  for  as  extra  work,  as 
provided  in  Section  2,  paragraph  22.  Allowance  will  be  made  for  all  grubbing  in  excava- 
tions for  the  roadbed,  all  grubbing  in  borrow  pits  ordered  and  staked  out  by  the  engineer 
to  supply  material  for  the  embankments,  and  all  grubbing  in  embankments  less  than  2}^^  ft. 
high,  but  will  not  be  allowed  for  embankments  over  23>^2  ft.  high,  or  in  borrow  pits  made 
by  the  contractor  without  having  been  so  ordered  by  the  engineer. 

16.  Hedge  Rows. — Hedges,  under  these  specifications,  are  rows  of  trees  or  bushes,  used 
for  fence  purposes  or  wind  breaks,  containing  at  least  three  bushes  or  trees  per  rod.  For 
removing  such  hedges  the  contractor  will  be  paid  the  price  bid  per  rod. 

17.  Measurements. — Grading  shall  be  estimated  and  paid  for  by  the  cubic  yard  at  the 
prices  specified  in  the  tender.  Measurements  of  grading  quantities  will,  in  all  cases,  be 
made  from  the  cuts  or  pits  from  which  the  material  is  taken,  by  cross-sectioning  before  and 
after  excavation,  and  the  volumes  determined  by  the  average  end  area  method. 

18.  Haul  and  Overhaul.  — The  average  length  of  haul  shall  be  determined  by  locating 
the  center  of  gravity  of  the  cut  and  the  center  of  gravity  of  the  corresponding  fill.  If  the 
center  of  gravity  of  the  cut  is  more  than  500  ft.  from  the  center  of  gravity  of  the 
corresponding  fill,  overhaul  at  the  rate  of  one  cent  per  cubic  yard  per  100  ft.  will  be  allowed 
for  the  entire  amount  of  material  in  the  cut  for  the  distance  between  the  centers  of  gravity 
in  excess  of  500  ft. 

Note. — Should  the  engineer  desire  to  eliminate  any  payment  for  overhaul,  a  stipulation 
to  that  effect  may  be  inserted  in  the  instructions  to  bidders,  as  provided  in  Section  2, 
paragraph  25. 

19.  Tile  Sub-drains. — Tile  sub-drains  shall  be  put  in  wherever  shown  on  the  plans. 
The  tile  used  shall  meet  the  requirements  of  the  standard  specifications  for  farm  drain 
tile  adopted  in  1916  by  the  American  Society  for  Testing  Materials.  The  tile  shall  be  laid 
true  to  grade  and  alignment  established  by  the  engineer.  For  furnishing  and  laying  tile 
drains,  the  contractor  will  be  paid  at  the  price  bid  for  such  work. 

Note.- — The  first  requirement  of  road  construction  is  to  get  a  well-drained  roadbed. 
For  this  reason,  county  engineers  are  instructed  to  require  tile  drainage  on  all  portions  of 
the  highways  where  there  is  any  question  regarding  the  adequacy  of  the  surface  drainage  or 
the  stability  of  the  soil. 

If  possible,  the  flow  line  of  the  tile  shall  be  placed  a  minimum  depth  of  5  ft.  below  the 
elevation  of  the  roadway  shoulders.     No  tile  less  than  6  in.  in  diameter  shall  be  specified. 

Where  the  grade  of  the  side  ditch  is  less  than  1  per  cent.,  inlets  to  the  tile  shall  be  pro- 
vided at  intervals  of  about  500  ft.  These  inlets  shall  be  constructed  by  filling  the  trench 
for  a  length  of  about  3  ft.  with  coarse  gravel,  broken  stone,  or  other  suitable  porous  material. 
The  top  of  the  porous  material  shall  be  raised  about  8  in.  above  the  top  of  the  trench. 

20.  Finishing  Stakes. — The  engineer  shall  set  suitable  finishing  stakes  to  guide  the 
contractor  in  finishing  the  road. 
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Note. — One  of  the  most  common  defects  in  earth  road  construction  is  the  failure  to 
bring  the  earth  shoulders  up  to  the  proper  grade  and  alignment.  The  shoulders  are  often 
left  low  and  irregular,  thus  resulting  in  an  unsightly  road  having  too  much  crown  in  the 
center.  This  defect  can  be  obviated  only  by  setting  stakes,  giving  the  grade  and  alignment 
of  the  shoulders.  In  finishing,  the  contractor  should  "use  a  templet  to  fit  the  crown  of  the 
road,  and  in  this  case  stakes  need  be  set  only  along  one  shoulder  or  along  the  center  line. 
If  no  templet  is  used,  finishing  stakes  should  be  set  along  each  shoulder  and  on  the  center 
line. 

Finishing  stakes  on  fills  should  be  set  above  the  established  grade  so  as  to  allow  the 
proper  amount  of  shrinkage.  Under  average  conditions  the  following  percentages  for 
shrinkage  should  give  satisfactory  results: 

Percentage  op 
Depth  of  Fill  Shrinkage 

Up  to  5.0  ft 15 

5.0  ft.  to  12.0  ft 12 

12.0  ft.  to  18.0  ft 10 

21.  Finishing. — If  the  road  is  not  to  be  surfaced  with  gravel,  the  contractor  shall,  after 
having  brought  it  substantially  to  grade,  complete  the  work  in  such  a  manner  that  the 
finished  road  will  be  smooth  and  true  to  cross-section,  grade  and  alignment.  No  extra 
compensation  will  be  allowed  for  finishing  as  this  work  must  be  included  in  the  price  bid  for 
excavation. 

If  the  road  is  to  be  surfaced  with  gravel,  the  earthwork  necessary  for  forming  the  sub- 
grade  shall  be  executed  in  the  manner  specified  for  the  class  of  gravel  surfacing  to  be  used. 
The  preparation  of  the  sub-grade  for  the  gravel  surfacing  is  not  included  in  the  price  bid 
for  earthwork. 

22.  Installing  Temporary  Culverts. — ^Temporary  culverts  will  be  construed  to  mean 
corrugated  culverts,  boiler  pipe  culverts,  concrete  tile  culverts,  or  cast-iron  culverts  not 
over  36  in.  in  diameter,  and  placed  without  permanent  bulkheads.  The  county  will  furnish 
and  deliver  temporary  culverts  at  the  railroad  station.  The  contractor  will  be  required  to 
haul,  properly  place,  and  fill  over  such  culverts.  For  this  he  will  be  paid  at  the  price  bid 
per  lineal  foot. 


SAND-CLAY  ROADS 

A  poor  earth  road  can  be  very  materially  improved  by  the  so-called 
sand-clay  surfacings.  A  well  selected  proportioning  of  sand  and  clay 
increases  the  resistance  of  a  poor  earth  road  both  to  traffic  wear  and  to 
softening  due  to  moisture.  A  sand-clay  surface  cannot  of  course  be 
considered  as  a  satisfactory  all  year  round  road  for  heavy  loads  but  it  is 
the  easiest  and  cheapest  means  of  increasing  the  ease  and  comfort  of 
travel  for  a  large  part  of  the  year  and  this  type  of  road  has  had  consider- 
able popular  approval  particularly  in  the  southern  states.  It  is  econ- 
omically justified  for  light  volume  of  traffic  in  financially  poor  districts 
where  good  road  gravel  is  not  available.  Sand-clay  construction  is  not 
advised  in  the  northern  states  where  gravel  is  available. 

The  cost  of  surfacing  with  sand-clay  varies  as  any  form  of  construc- 
tion with  labor,  length  of  haul,  cost  of  materials,  etc.,  but  generally  adds 
from  15c.  to  35c.  per  square  yard  to  the  cost  of  an  earth  road.  A  fair 
comparative  figure  would  add  $1,500  to  $2,500  per  mile  for  a  16  ft.  width 
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of  sand-clay  to  the  cost  of  an  ordinary  dirt  road  in  the  same  location 
(1922  cost  conditions). 

Sand-clay  roads  can  not  be  considered  as  finished  until  traffic  has 
used  them  for  a  year  or  two  and  all  the  small  areas  showing  improper  mix 
have  been  remedied  by  maintenance.     The  maintenance  of  sand-clay  is 
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Fig.  59. — Typical  sand  clay  road,  State  of  Alabama. 


discussed  in  Chap,  IV  and  costs  about  the  same  as  earth  road  main- 
tenance.    Specifications  for  sand-clay  are  given  on  page  177. 

Proportioning  of  Soil  Mixture. — Where  the  natural  soil  is  clay  the 
resisting  power  of  the  surface  during  wet  weather  can  be  increased  by  the 
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addition  of  sand.  Where  the  natural  soil  is  deep  sand  the  surface  can  be 
made  firm  and  resilient  by  the  addition  of  clay.  The  so-called  sand-clay 
treatment  aims  to  provide  a  surface  layer  of  mixed  sand  and  clay  about 
10  to  12  in.  deep  (see  Fig.  59,  Alabama  Standards)  in  which  the  sand  forms 
the  body  and  the  clay  just  fills  the  voids  in  the  sand  and  acts  as  a  binder. 
It  can  be  readily  seen  that  different  materials  will  require  different  pro- 
portioning of  the  sand  and  clay;  the  only  sure  way  to  get  the  best  results 
is  by  experiment  on  the  road  during  construction  but  to  give  an  idea  of  the 
approximate  proportioning  the  following  list  of  recommended  mixes  is 
taken  from  the  Good  Roads  Year  Book  of  the  American  Highway 
Association,  1917. 

The  grains  of  which  sand  is  composed  are  usually  hard  and  tough  and  able  to  resist 
abrasion  if  held  securely  in  place.  In  an  asphalt  pavement  they  are  held  by  the  asphalt 
and  a  wearing  surface  of  great  resistance  to  abrasion  results.  In  a  sand-clay  road  they  are 
bound  together  by  clay  in  a  less  firm  manner  but  one  giving  excellent  results  on  well-drained 
roads  carrying  light  traffic.  The  aim  of  the  builder  of  such  a  road  is  to  employ  just  enough 
of  the  stickiest  clay  at  his  command  to  fill  the  pores  of  the  sand  and  to  mix  these  materials 
together  so  thoroughly  that  there  are  neither  lumps  or  clay  nor  pockets  of  loose  sand  left 
in  the  surfacing.  This  gives  the  maximum  amount  of  hard  sand  to  carry  the  traffic 
and  the  minimum  amount  of  clay  to  bind  it.  More  sand  makes  a  less  durable  road  and 
more  clay  makes  one  which  becomes  soft  more  rapidly  when  wet. 

There  is  a  great  difference  in  the  value  of  different  clays  for  such  work.  Some  of  them 
become  dough-like  when  mixed  with  a  certain  amouat  of  water  and  can  be  molded  into 
objects  which  retain  their  shape  after  drying.  If  these  molded  objects  are  immersed  in 
water  they  will  retain  their  form  for  a  long  time.  These  varieties  are  called  "plastic  clays" 
and  the  most  plastic  are  called  "ball  clays."  There  are  other  varieties  which  fall  to  pieces 
more  or  less  quickly  when  wet,  as  quicklime  does,  and  they  are  therefore  called  "slaking 
clays."  They  are  more  easily  mixed  with  sand  than  the  plastic  clays  but  they  have  much 
less  binding  power  and  a  road  built  with  them  is  less  durable  when  dry  and  more  easily 
rutted  when  wet.  The  amount  of  clay  to  be  used  can  be  determined  by  a  simple  field  test 
described  as  follows  by  Andrew  P.  Anderson: 

From  typical  samples  of  each  of  the  available  clays,  test  mixtures,  varying  by  one-half 
part,  are  made  with  the  sand  so  that  each  clay  is  represented  by  a  set  of  mixtures  ranging 
by  successive  steps  from  one  part  sand  and  three  parts  clay  to  four  parts  sand  and  one  part 
clay.  These  are  worked  up  with  water  into  a  putty-like  mass  and  from  each  mix  two  equal 
quantities  are  taken  and  rolled  between  the  palms  of  the  hands  into  reasonably  true 
spheres,  labeled  and  placed  in  the  sun  to  dry.  When  thoroughly  baked,  a  set  of  spheres 
representing  any  one  clay  is  placed  in  a  flat  pan  or  dish  and  enough  water  poured  gently 
into  the  pan  to  cover  them,  care  being  taken  not  to  pour  the  water  directly  on  the  samples. 
Some  samples  will  begin  to  disintegrate  immediately.  Those  breaking  down  most  slowly 
contain  most  nearly  the  proper  proportion  of  sand  and  clay  for  the  particular  materials. 
The  relative  binding  power  of  the  various  clays  may  then  be  determined  by  comparing  the 
hardness  and  resistance  to  abrasion  of  the  various  dry  samples  having  the  correct  proportion 
of  sand  and  clay,  as  determined  by  the  water  tests. 

In  February,  1917,  representatives  of  21  state  highway  departments  and  of  the  U.  S. 
Office  of  Public  Roads  recommended  the  following  mixtures  for  hard,  medium  and  soft 
classes  of  sand-clay  roads. 

Hard  CZas.s.— Clay,  9  to  15  per  cent;  silt,  5  to  15  per  cent;  total  sand,  65  to  80  per  cent; 
sand  retained  on  a  60-mesh  sieve,  45  to  60  per  cent. 

Medium  Class. — Clay,  15  to  25  per  cent;  silt,  10  to  20  per  cent;  total  sand,  60  to  70  per 
cent;  and  retained  on  a  60-mesh  sieve,  30  to  45  per  cent. 

Soft  Class. — Clay,  10  to  25  per  cent;  silt,  10  to  20  per  cent;  total  sand,  55  to  80  per  cent; 
sand  retained  on  a  60-mesh  sieve,  15  to  30  per  cent. 
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By  clay  is  meant  material  separated  by  subsidence  through  water  and  possessing  plastic 
or  adhesive  properties;  it  is  generally  below  0.01  mm.  in  diameter.  By  silt  is  meant  the 
fine  material  other  than  clay  which  passes  a  200-mesh  sieve  and  is  generally  from  0.07  to 
0.01  mm.  in  diameter.  By  sand  is  meant  the  hard  material  which  passes  a  10-mesh  and  is 
retained  on  a  200-mesh  sieve,  and  is  generally  from  1.85  to  0.07  mm.  in  diameter. 

The  larger  part  of  the  following  explanation  of  the  construction  of 
sand-clay  roads  was  prepared  by  W.  S.  Keller,  State  Engineer  of  Alabama, 
where  many  miles  of  sand-clay  roads  have  been  built  and  are  giving 
good  satisfaction: 

Every  farmer  who  lives  in  a  section  of  country  where  both  sand  and  clay  are  prevalent, 
is  more  than  likely  traveling  over  a  section  of  natural  sand-clay  road  but  is  ignorant  of  the 
fact.  He  can  call  to  mind  some  particular  spot  on  the  road  he  travels  though  it  may  not 
be  more  than  100  ft.  in  length,  that  is  always  good  and  rarely  requires  the  attention  of  the 
road  hands.  Good  drainage  will  be  noticed  at  this  place  and  if  he  takes  the  trouble  to 
investigate,  he  will  find  that  a  good  mixture  of  sand  and  clay  forms  the  wearing  surface. 
If  this  100  ft.  of  road  is  always  good  then  the  entire  road  can  be  made  like  it  provided  man 
will  take  advantage  of  the  lesson  taught  by  nature  and  grade  the  road  so  that  the  drainage 
will  be  good  and  surface  the  balance  of  the  road  with  the  same  material.  If  it  is  not 
possible  to  find  the  ready  mixed  surfacing  material  convenient  to  the  road  it  may  be  pos- 
sible to  find  the  two  ingredients  in  close  proximity.  In  case  the  road  after  grading 
shows  an  excess  of  sand,  clay  should  be  added,  or  in  case  clay  predominates,  sand  should  be 
added  to  produce  good  results.  There  are  four  general  ways  in  which  sand-clay  roads 
may  be  built: 

1.  Ready  mixed  sand  and  clay  placed  on  clay,  sand  or  ordinary  foundation. 

2.  Sand  and  clay  placed  on  soil  foundation  and  mixed. 

3.  Clay  hauled  on  a  sand  foundation  and  mixed  with  the  sand. 

4.  Sand  hauled  on  a  clay  foundation  and  mixed  with  the  clay.  Taking  up  the  various 
methods  in  order: 

1.  A  natural  mixture  of  sand  and  clay  can  often  be  found  where  the  two  materials  are 
found  separate.  The  most  important  point  is  to  know  the  natural  mixture  when  seen. 
The  very  best  guide  to  this  is  to  find  a  natural  piece  of  good  road.  A  sample  from  the 
best  of  this  good  section  will,  by  comparison,  indicate  what  is  required,  close  to  the  road 
to  be  surfaced.  This  natural  mixture  of  sand  and  clay  can  be  noticed  where  red  clay  and 
sand  crop  out,  usually  well  up  in  the  hills,  having  ditches  and  cuts  the  appearance  of 
red  sandstone.  A  good  stratum  of  well  mixed  sand  and  clay  will  stand  perpendicular  in 
cuts  and  ditches,  resisting  erosion  almost  as  well  as  sandstone.  A  test  of  the  best 
natural  sand-clay  mixtures  will  show  the  sand  forms  about  70  per  cent  of  the  whole. 
The  test  is  very  simple.  Take  an  ordinary  medicine  glass,  measure  2  oz.  of  the  mixture 
into  the  glass  and  wash  out  the  clay.  Dry  the  remaining  sand  and  measure  again  on  the 
medicine  glass.     The  loss  will  be  the  amount  of  clay  originally  contained  in  the  mass. 

Before  placing  any  sand-clay  on  the  road,  the  road  should  be  graded  to  the  desired  width. 
The  surface  of  the  graded  road  should  be  flat  or  slightly  convex.  The  sand-clay  should 
be  put  on  from  8  to  12  in.  in  thickness,  depending  on  the  character  of  the  subgrade  or 
foundation.  With  a  hard  clay  for  foundation,  8  in.  of  sand-clay  will  suffice.  If  the  sub- 
grade  is  sand  it  is  well  to  put  on  as  much  as  12  in.  of  the  surfacing  material.  After  a 
few  hundred  feet  of  surfacing  material  has  been  placed,  a  grading  machine  should  be  run 
over  it  to  smooth  and  crown  the  road  surface  before  the  top  becomes  hard  and  resists 
the  cutting  of  the  blade.  It  is  a  good  plan  to  turn  the  blade  of  the  machine  so  as  to  trim 
the  edges  of  the  surface  part,  discharging  the  excess  sand  and  clay  onto  the  earth  shoulders. 
After  one  round  trip  with  the  blade  turned  out,  the  remaining  dress  work  with  the  machine 
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should  be  with  the  blade  turned  in,  with  the  exception  of  one  trip  down  the  center  of  road 
with  the  blade  at  right  angles  to  the  axis  of  the  road  for  the  purpose  of  distributing  any- 
excess  of  material  left  in  the  center. 

After  the  machine  work,  it  is  well  to  follow  with  a  drag,  which  smooths  any  rough 
places  left  by  the  machine  and  leaves  the  road  with  a  smooth,  even  surface.  A  sand-clay 
road,  unlike  other  roads,  can  not  be  finished  in  a  short  space  of  time.  It  can  be  left  in  an 
apparently  finished  condition  with  a  hard  smooth  surface,  but  it  will  be  found  on  close 
examination  that  the  hard  surface  is  in  reality  only  a  crust,  below  which  there  are  several 
inches  of  loose  material.  After  the  first  hard  rain  the  crust  softens,  the  road  becomes  bad 
and  the  work  appears  to  be  a  failure.  This,  however,  is  just  what  is  needed  to  make  it 
eventually  good.  After  the  surface  has  dried  until  the  mass  is  in  a  plastic  state,  it  should  be 
dragged  until  the  surface  is  once  more  smooth,  with  proper  crown,  and  should  be  kept 
this  way  by  dragging  at  least  once  a  day  until  the  sun  has  baked  it  hard  and  firm.  The 
mistake  of  keeping  traffic  off  during  this  process  of  resetting  should  not  be  made.  The 
continuous  tamping  of  the  wheels  of  wagons  and  hoofs  of  horses  is  just  what  is  needed  to 
compact  the  sand-clay  into  a  homogeneous  mass.  The  ordinary  roller  is  not  very  effective 
in  this  work,  but  corrugated  rollers  have  given  excellent  results.  One  type  which  is  widely 
used  has  eighteen  cast  iron  wheels  weighing  300  lb.  each,  which  compress  the  bottom  of  the 
mixture  first.  As  the  material  becomes  more  and  more  compact  the  wheels  ride  higher  and 
higher  and  finally  the  surface  is  so  hard  that  the  roller  does  not  sink  into  it  at  all.  A  drag 
is  an  indispensable  machine  in  the  construction  of  any  kind  of  sand-clay  road. 

2.  Sand  and  clay  placed  on  a  soil  foundation  and  mixed.  This  is  necessary  where  the 
old  road  has  neither  a  sand  nor  clay  foundation  and  it  is  impossible  to  find  the  two  ingre- 
dients ready  mixed,  but  possible  to  get  both  in  separate  state  near  at  hand.  The  clay 
should  first  be  placed  on  the  road  to  a  depth  of  4  in.  and  the  required  width.  It  is  not  wise 
to  place  more  than  a  few  hundred  lineal  feet  of  clay  before  the  sand  is  hauled,  as  the  clay 
rapidly  hardens  and  makes  the  mixing  process  difficult.  After,  say,  400  ft.  of  clay  have 
been  placed,  the  clay  should  be  broken  by  means  of  a  plow  and  harrow,  if  it  has  become  hard, 
and  sand  to  a  depth  of  6  in.  placed  on  it.  This  should  be  plowed  and  harrowed  in 
thoroughly.  This  is  best  done  immediately  following  a  rain,  as  the  two  can  be  more 
satisfactorily  mixed.  The  traffic  aids  the  mixing  and  should  be  encouraged  on  the  road. 
After  the  mass  appears  to  be  well  mixed,  the  road  should  be  properly  shaped,  as  previously 
explained.  The  road  should  be  given  watchful  attention  and  should  sand  or  mud  holes 
appear,  a  second  plowing  and  mixing  should  be  given  it. 

3.  Clay  hauled  on  a  sand  foundation  and  mixed  with  the  sand.  The  mixing  process  is 
similar  to  that  described  under  second  head.  It  is  only  necessary  to  add  that  as  the 
foundation  is  sand,  a  little  more  clay  will  be  necessary  than  where  the  foundation  is  of  clay 
or  soil. 

4.  Sand  hauled  on  a  clay  foundation  and  mixed  with  clay.  The  clay  foundation  should 
be  plowed  to  a  depth  of  4  in.  and  harrowed  with  a  disk  or  tooth  harrow  until  the  lumps  are 
thoroughly  broken  or  pulverized.  Sand  should  then  be  added  to  a  depth  of  6  in.  and  mixed 
as  before  described. 

Sand  and  clay  can  be  mixed  best  when  wet,  but  as  most  road  construction  is  done  in  the 
summer  months,  it  is  necessary  to  do  most  of  the  mixing  dry  and  keep  the  road  in  shape 
after  the  first  two  or  three  rains,  while  the  passing  wagons  and  vehicles  give  the  road  a 
final  wet  mixing.  A  sand-clay  road  is  the  cheapest  road  to  maintain,  for  the  reason  that  it 
can  be  repaired  with  its  own  material.  With  a  drag  or  grading  machine  ruts  can  be  filled 
with  material  scraped  from  the  edges,  whereas  on  gravel  or  macadam  roads,  this  is  not 
possible.  The  repairing  of  these  roads  can  be  done  almost  exclusively  with  the  drag,  only 
enough  hand  work  being  required  to  keep  the  gutters  open  and  the  growth  of  weeds  cut  on 
the  shoulders.  Holes  are  repaired  by  adding  more  sand-clay,  and  when  many  of  them 
appear  fresh  sand-clay  should  be  spread  over  the  surface  of  the  road.  If  the  road  gets  into 
really  bad  condition,  the  roadbed  should  be  plowed  up,  reshaped  and  fresh  sand-clay  added. 
This  is  unnecessary  where  the  road  is  maintained  properly  and  the  travel  is  not  too  heavy 
for  the  type  of  construction. 
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TOP    SOIL    OR    SAND-CLAY    SURFACE    (ALABAMA    STATE    SPECIFICATIONS) 

Description. — Upon  the  sub-grade,  prepared  as  hereinbefore  specified  shall  be  con- 
structed a  top  soil  or  sand-clay  surface  of  the  cross-section  and  compacted  thickness  shown 
on  the  plans. 

Surfacing  MateriaL — The  surfacing  material  shall  consist  of  top  soil  or  natural  sand- 
clay  obtained  from  fields  or  pits  designated  by  the  engineer,  and  as  near  the  right-of-way 
as  practicable,  or,  in  the  event  that  it  is  impracticable  to  secure  suitable  top  soil  or  natural 
mixed  sand-clay,  the  surface  shall  consist  of  an  artificial  mixture  of  sand  and  clay,  the 
materials  for  which  artificial  mixture  shall  be  obtained  from  places  designated  by  the  engi- 
neer. Before  any  surfacing  material  is  used  it  shall  first  have  been  approved  by  the 
engineer.  The  surfacing  material  shall  be  free  from  trash  or  other  foreign  matter  and 
contain  no  stones  or  boulders  that  would  fail  to  pass  a  one  and  one-half  (I/2)  inch  ring. 
Should  any  such  non-road  building  material  be  placed  on  the  road,  it  shall  be  removed  by 
the  contractor  at  his  own  expense. 

The  fields  or  pits  from  which  the  surfacing  material  is  to  be  obtained  will  be  furnished 
by  the  County  free  of  charge  to  the  contractor,  but  the  contractor  must  provide  and  main- 
tain at  his  own  expense,  all  necessary  roads  for  hauling  the  surfacing  material  to  the  road. 

Construction  Methods — Case  1. — Where  the  surfacing  material  consists  of  either  top 
soil  or  natural  sand-clay  that  has  been  approved  for  use  without  the  admixture  of  any  other 
material,  it  shall  be  evenly  spread  on  the  sub-grade  to  such  depth  that  when  compacted  the 
surface  will  have  the  compacted  thickness  shown  on  the  plans.  The  material  shall  be 
dumped  on  the  sub-grade  in  longitudinal  rows  containing  not  more  than  one-third  Hi) 
of  a  cubic  yard  to  10  lin.  ft.  and  the  number  of  rows  shall  be  such  that  when  the  material 
is  spread,  the  desired  cross-section  and  thickness  of  surface  will  be  obtained.  After 
sufficient  material  has  been  dumped  in  this  way  for  one  hundred  or  two  hundred  (100  or 
200)  feet  of  road  surface,  and  before  any  part  of  the  rows  have  commenced  to  pack,  it  shall 
be  spread  approximately  to  the  required  cross-section  and  harrowed  to  secure  uniform- 
ity. The  spreading  may  be  done  by  hand  or  with  a  road  machine  in  the  following  manner: 
1.  The  machine  shall  be  run  over  the  road  with  the  blade  set  so  as  to  scrape  off  the  tops 
of  the  piles  and  fill  in  the  spaces  between;  2.  The  outside  edges  shall  be  gone  over  with  the 
blade  set  so  as  to  pull  the  top  soil  or  sand-clay  toward  the  center;  3.  The  grading  machine 
shall  be  run  over  the  shoulders  so  as  to  pull  the  shoulder  material  up  against  the  surfacing 
material  and  thus  bring  the  entire  road  surface  approximately  to  the  required  cross-section. 
The  surfaced  portion  of  the  road  shall  then  be  harrowed  with  either  a  tooth  or  disc  harrow 
until  uniform  density  is  secured,  after  which  the  road  shall  be  brought  to  the  required 
cross-section  and  so  maintained  until  accepted.  The  shaping  or  reshaping  of  the  surface 
shall  be  undertaken  only  when  the  weather  conditions  are  such  that  the  loosened  surfacing 
or  shoulder  material  will  be  readily  compacted  by  traffic  to  form  a  well  bonded  surface. 

Case  2. — When  the  surfacing  material  is  to  consist  of  an  artificial  mixture  of  sand  and 
clay,  made  by  mixing  the  material  of  the  roadbed  with  sand  or  clay  from  some  other  source, 
the  construction  shall  proceed  in  the  following  manner: 

1.  The  surface  of  the  road  bed  shall  be  thoroughly  loosened  by  plowing  and  harrowing 
to  a  depth  of  from  4  to  8  in.,  according  to  the  nature  of  the  two  materials  to  be  mixed, 
and  as  the  engineer  may  direct. 

2.  The  material  to  be  added  shall  be  dumped  and  spread  in  the  manner  described  for 
Case  1. 

3.  The  added  material  shall  be  thoroughly  mixed  and  incorporated  with  the  material 
of  the  road  bed.  The  mixing  shall  be  done  by  means  of  plowing  and  harrowing  and  shall 
continue  until  the  engineer  is  satisfied  that  the  two  materials  are  thoroughly  mixed  in 
proper  proportion.  A  part  of  this  mixing  shall  be  done  when  the  road  is  wet  so  that  the 
surface  will  be  puddled. 

4.  If,  after  mixing  the  two  materials  as  above  described,  a  deficiency  of  the  added 
material  is  apparent  at  any  point,  such  deficiency  shall  be  immediately  corrected  by  spread- 
ing more  of  the  added  material  at  that  point  and  continuing  the  mixing  as  above  described. 

5.  After  the  mixing  is  complete,  as  above  specified,  the  road  shall  be  shaped  and  main- 
tained as  provided  in  Case  1,  except  that  wherever  a  poor  mixture  is  observed,  it  shall  be 
corrected  by  additional  mixing  or  by  adding  necessary  material  and  mixing. 

12 
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Case  3. — When  the  surfacing  material  is  to  consist  of  an  artificial  mixture  of  sand  and 
clay,  both  of  which  materials  are  to  be  obtained  from  without  the  road,  the  construction 
shall  proceed  in  the  following  manner: 

1.  The  materials  shall  be  spread  in  successive  layers  on  the  road  and  mixed  in  place. 
The  engineer  will  determine  the  order  in  which  the  two  materials  shall  be  spread,  as  well  as 
the  depth  of  layer  for  each  material. 

2.  The  dumping  and  spreading  of  the  materials  shall  be  done  as  specified  for  Case  1. 

3.  The  mixing  of  the  two  materials  and  the  shaping  and  maintaining  of  the  road  shall 
be  done  as  specified  for  Case  2. 

Basis  of  Payment. — The  contract  price  per  cubic  yard  for  top  soil  or  natural  sand-clay 
surfacing  material  shall  be  full  compensation  for  loosening,  loading,  spreading  and  harrow- 
ing, and  for  hauling  the  surfacing  material  one  (1)  mile  or  less,  as  well  as  for  shaping  and 
maintaining  the  surface  true  to  cross-section  until  the  road  is  accepted.  In  the  case  of  an 
artificially  mixed  surface  the  materials  brought  on  to  the  road  will  be  paid  for  at  the 
contract  price  per  cubic  yard  for  top  soil  or  natural  sand-clay  surfacing  material,  which 
will  include  all  the  items  mentioned  above  except  harrowing,  and  the  contract  price  per 
square  yard  for  mixing  will  be  full  compensation  for  all  necessary  harrowing,  plowing  or 
other  mixing.  Measurement  of  all  top  soil  or  sand-clay  surfacing  materials  will  be  made  in 
trucks,  wagons  or  cars,  as  it  is  delivered  on  the  road,  except  that  where  the  surfacing 
material  is  hauled  in  scrapers  or  shoveled  on  to  the  road,  it  will  be  measured  compacted 
in  place  on  the  road. 

Stripping  of  surfacing  material  pits  will  be  paid  for  at  the  contract  price  for  common 
excavation. 

The  bid  price  for  overhaul  of  sand-clay  will  be  allowed  on  all  sand-clay  materials  neces- 
sarily hauled  a  distance  greater  than  one  (1)  mile.  The  method  of  determining  overhaul 
will  be  in  all  respects  similar  to  that  provided  for  determining  overhaul  in  the  case  of  crushed 
stone  surfaces. 

GRAVEL  ROADS 

A  coarse  well  graded  gravel  is  the  most  satisfactory  material  for  a 
cheap  year  round  road.  It  gives  body  to  the  traveled  track,  binds  well, 
rides  easily  and  with  a  consohdated  depth  of  8  in.  to  20  in.  holds  all 
ordinary  loads  after  it  is  well  consolidated.  For  wheel  pressures  and 
depths  of  metaling  see  Chap.  II,  page  100. 

Cost. — Pit  run  gravel  varies  in  cost  from  SO. 75  to  $3.50  per  consoli- 
dated cubic  yard  in  place.  Screened  gravel  from  $1.50  to  $4.00  per 
consolidated  cubic  yard.  Gravel  surfacing  adds  approximately  $2,000 
to  $6,000  per  mile  to  the  cost  of  an  earth  road  in  the  same  location  and  a 
fair  comparative  price  for  this  type  including  drainage  and  incidentals 
ranges  from  $4,000  to  $10,000  per  mile  (1922  cost  conditions).  Main- 
tenance is  discussed  in  Chap.  IV.  The  cost  has  a  wide  range  from 
$100  to  $600  depending  on  volume  of  traffic  and  degree  of  perfection  of 
maintenance.  As  a  general  rule  where  the  maintenance  cost  exceeds 
$400  to  $600  per  year  it  is  advisable  to  build  a  better  grade  of  pavement. 

General  Suitability. — At  the  present  time  50  per  cent  of  the  mileage  of 
surfaced  roads  in  the  U.  S.  are  gravel  roads.  They  are  suitable  for  vol- 
umes of  traffic  up  to  350  to  400  vehicles  daily.  Beyond  this  limit  they 
often  become  very  rough  on  account  of  so  called  rhythmic  corrugations 
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which  are  difficult  to  control.  Gravel  has  been  utilized  as  a  temporary 
expedient  up  to  2,000  to  3,000  vehicles  daily  but  it  cannot  be  advised  for 
any  such  amount  of  traffic.  Oiling  with  a  light  cold  asphaltic  oil  or  cold 
tar  is  resorted  to  under  a  moderately  heavy  automobile  traffic.  No  gravel 
road  should  be  oiled  till  at  least  a  year  old  so  that  it  is  completely  con- 
sohdated  and  firmly  bound.  The  surface  must  be  well  cleaned  of  excess 
fine  dust  and  the  oil  applied  in  two  or  three  successive  light  coats  of 
approximately  }yi  gal.  per  square  yard  at  intervals  of  two  or  three  months. 
It  takes  more  than  one  application  to  give  even  moderately  good  results 


::^>mif'^^^ 


Fig.  60. — Well  built  local  gravel  road  in  Western  New  York.  Gravel  lU  ft.  wide. 
Very  satisfactory  for  Class  IV  agricultural  traffic,  Note  the  shallow  ditch  which  adds  to 
the  safety  of  traffic. 

as  the  clay  and  loam  in  the  road  tends  to  prevent  the  formation  of  a  good 
bond  between  the  oil  and  gravel  but  if  persistent  treatment  is  adopted 
this  method  increases  the  power  of  gravel  roads  to  withstand  touring  car 
traffic  but  of  course  does  not  increase  their  structural  strength  or  make 
them  suitable  for  heavy  unit  freight  hauling.  An  official  report  on  page 
186  illustrates  the  economic  use  of  gravel  as  compared  with  higher 
priced  pavements  for  special  conditions  even  on  primary  state  highways. 
Construction  Essentials. — Gravel  roads  are  hard  to  consolidate 
quickly  and  need  carefully  continuous  attention  to  prevent  the  forma- 
tion of  ruts,  holes  or  humps.  They  cannot  be  built  by  merely  dumping 
loose  gravel  on  the  road  and  then  hoping  that  traffic  will  put  it  in  shape. 
A  large  mileage  has  been  built  on  this  principle  and  the  results  are  shame- 
ful. A  successful  gravel  road  requires  careful  selection  of  the  gravel, 
careful  spreading,  careful  consolidation  and  constant  maintenance. 
Current  practice  is  shown  in  typical  specifications  pages  183  and  193;  the 
essential  features  will  be  summarized  at  this  point. 
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SIZE  OF  GRAVEL 

Gravels  suitable  for  road  work  are  widely  distributed  over  the  country. 
They  occur  in  bank  deposits  and  in  stream  beds.  The  prime  requisite 
of  a  gravel  for  foundation  courses  is  that  it  contain  a  large  percentage  of 
coarse  pebbles  to  give  body  and  distribute  the  wheel  loads.  The  prime 
requisite  for  a  surfacing  gravel  is  hardness  of  the  stone  and  well  graded 
coarse  and  fine  particles  which  will  take  the  wear  evenly  and  bond  well. 
Pit  run  gravel  varies  greatly  as  to  size  and  composition  even  in  a  single 
pit  and  for  this  reason  no  definite  limits  can  be  well  set  for  the  proportion 
of  sizing.  In  general  it  can  be  said  that  for  foundation  courses  any  coarse 
gravel,  which  when  screened  through  a  3'^-in.  mesh  contains  less  material 
passing  the  screen  than  retained  on  it,  can  be  successfully  manipulated 
without  screening  to  remove  the  excess  sand.  In  some  localities  this 
limit  is  not  feasible  on  account  of  excessive  fine  material  and  the  limit  of 
fine  material  passing  a  3'^-in.  mesh  is  placed  at  60  per  cent  but  in  reality 
a  gravel  of  this  fineness  does  not  produce  satisfactory  results  and  a  road 
on  which  it  is  used  becomes  more  nearly  a  sand-clay  construction  than 
a  gravel  type.  For  a  top  course  the  large  stone  above  1}^  in.  in  size 
should  be  screened  out  and  if  pit  run  is  used  the  sand  passing  the  3'^-in. 
mesh  should  not  exceed  40  per  cent  of  the  volume.  The  most  satisfactory 
top  is  a  screened  gravel  but  this  adds  materially  to  the  cost.  Where 
screened  gravel  is  used  }'2  to  3  in.  is  satisfactory  size  for  the  bottom  course 
and  }'2  to  l^i  in.  for  the  top  course  with  a  light  surface  wearing  coat  of 
sand  and  pea  size  up  to  }'2  in.  in  diameter.^ 

The  following  specification  has  been  recommended  by  the  committee 
on  Materials  of  the  American  Society  of  Civil  Engineers. 

Two  mixtures  of  gravel,  sand  and  clay  shall  be  used,  hereinafter  designated  in  these 
specifications  as  No.  1  product  (for  top  course)  and  No.  2  product  (for  middle  and  bottom 
courses) . 

No.  1  product  shall  consist  of  a  mixture  of  gravel,  sand  and  clay,  with  the  proportions 
of  the  various  sizes  as  follows:  All  to  pass  a  iJ-^-in.  screen  and  to  have  at  least  60  and  not 
more  than  75  per  cent  retained  on  a  J^'^-in.  screen;  at  least  25  and  not  more  than  75  per 
cent  of  the  total  coarse  aggregate  (material  over  ^^  in.  in  size)  to  be  retained  on  a  ^4-in. 
screen;  at  least  65  per  cent  and  not  more  than  85  per  cent  of  the  total  aggregate  (material 
under  3'i  in.  in  size)  to  be  retained  on  a  200-mesh  sieve. 

No.  2  product  shall  consist  of  a  mixture  of  gravel,  sand  and  clay,  with  the  proportions 
of  the  various  sizes  as  follows:  All  to  pass  a  2j-^-in.  screen  and  to  have  at  least  60  and  not 
more  than  75  per  cent  of  the  total  coarse  aggregate  to  be  retained  on  a  1-in.  screen,  at  least 
65  and  not  more  than  85  per  cent  of  the  total  fine  aggregate  to  be  retained  on  a  200-mesh 
sieve. 

Bonding  Properties. — Clean  gravel  will  not  bond  well.  A  small 
percentage  of  clay,  loam  or  lime  dust  is  desirable  and  necessary.  This 
per  cent  ranges  from  10  to  20  per  cent.  For  bottom  course,  pit  run  gravel 
which  contains  over  20  per  cent  of  clay  or  loam  should  not  be  used;  from 
10  to  15  per  cent  gives  the  best  results.     For  top  course  10  per  cent  is 

1  There  is  some  tendency  to  reduce  maximum  size  of  top  course  gravel  to  1}-^  in. 
or  even  1  in. 
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about  the  maximum  clay  or  loam  allowable  particularly  if  it  is  to  be 
treated  with  bitumen.  Many  so-called  cementitious  gravels  of  lime  rock 
contain  or  produce  under  traffic  a  first-class  rock  dust  binder  of  the 
highest  grade.  Clay  or  loam  can  be  added  to  a  clean  gravel  by  mixing 
at  the  pit  or  by  placing  a  thin  layer  of  such  material  over  the  gravel  as 
spread  on  the  road  and  mixing  it  with  the  course  during  consolidation. 
Spreading. — Gravel  must  be  uniformly  spread;  there  are  two  general 
methods;  the  trench  spread  (Fig.  61)  and  the  feather  edge  spread  (Figs. 
62  and  63).     The  trench  spread  is  not  so  likely  to  break  down  at  the 
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Fig.  61. — Iowa  typical  gravel  roads. 


edges  as  the  feather  edge  but  this  can  be  remedied  by  a  wider  spread 
where  the  feather  edge  method  is  used.  In  either  case  the  depth  should 
be  uniform  and  the  surface  properly  crowned.  Gravel  should  not  be 
dumped  in  piles;  it  should  be  spread  along  in  windrows  or  in  sheets  with 
Manger  Spreader  and  the  spreading  finished  by  shoveling,  raking  or  by 
road  machine  blade  scrapers.  If  pit  run  gravel  is  used  the  course  should 
be  harrowed  to  distribute  the  sizes  uniformly.  The  ratio  of  compacted 
to  loose  depth  is  approximately  1.2  or  1.25.     That  is  a  loose  depth  of 
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8  in.  will  compact  to  about  63^  in.     If  screened  gravel  is  used  the  filler 
should  be  added  before  the  course  is  rolled. 

Consolidation. — Consolidation  is  the  hardest  feature  of  pit  run  gravel 
construction.     Detail  methods  are  described  under  gravel  foundations, 
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Fig.  62. — New  Hampshire  gravel  road  section. 

page  196.  A  combination  of  traffic  and  roller  consolidation  while  the 
gravel  is  moist  gives  the  best  and  quickest  consolidation  although  traffic 
alone  will  put  it  down  firmly  if  given  time  and  the  shape  is  kept  intact 
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Fig.  63. — Typical  gravel  road  section,  State  of  Minnesota. 

by  constant  dragging  with  a  hone  or  road  machine.  The  Minnesota 
Specification  page  183  shows  the  method  employed  where  a  road 
roller  is  not  used. 
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MINNESOTA  SPECIFICATIONS 
Graveling 

Description. — Graveling  shall  be  construed  to  mean  all  surfacing  with  pit  run  gravel, 
screened  gravel  or  crushed  rock,  or  crushed  rock  screenings  built  in  two  or  more  successive 
courses. 

Materials. — All  materials  shall  be  of  a  quality  approved  by  the  engineer  and  shall  be  the 
best  obtainable  from  the  specified  pit  or  quarry.  Materials  for  the  first  course  shall  contain 
no  stone  which  would  be  retained  on  a  screen  having  2}-^  in.  openings.  Materials  for  the 
second  course  shall  contain  no  stone  which  would  be  retained  on  a  screen  having  1  in. 
openings.  If  available  material  contains  an  excess  of  sand,  such  excess  shall  be  handled  as 
provided  by  special  specification  for  each  job  or  project. 

Subgrade. — The  cross-section  of  the  subgrade  shall  be  as  shown  on  the  standard 
cross-section  accompanying  the  plans.  Graveling  upon  a  wet  muddy  road  bed  will  not  be 
permitted.  If  the  graveling  is  not  done  in  conjunction  with  the  grading  as  a  part  of  the 
same  contract,  the  subgrade  for  the  full  length  of  job  embraced  in  the  graveling  contract, 
shall,  before  being  graveled,  be  dressed  by  the  County  to  the  cross-section  above  mentioned. 
Thereafter,  the  contractor  shall  keep  it  dressed  to  the  specified  cross-section  and  free  from 
ruts,  waves  and  undulations,  as  part  of  the  graveling  contract.  If  the  grading  and  graveling 
are  performed  under  the  same  contract,  the  preparation  of  the  subgrade  shall  be  performed 
as  part  of  the  grading  item  and  no  additional  charge  will  be  allowed  therefor  under  the 
graveling. 

Loading  and  Hauling. — Loading  from  pits  shall  be  performed  in  such  a  manner  and  by 
such  methods  that  a  uniform  grade  of  materials  will  not  be  delivered  upon  the  road.  Stone 
exceeding  the  sizes  specified,  shall  not  be  loaded.  No  earth,  sod  or  any  foreign  or  vegetable 
matter,  nor  an  excess  of  sand  or  clay,  will  be  allowed  in  the  gravel,  and  care  must  be  taken 
that  strippings  be  not  mixed  with  the  gravel.  Any  loads  taken  to  the  work  containing  such 
objectionable  materials  will  be  rejected. 

Dumping  and  Spreading  First  Course. — The  first  course  material  shall  be  deposited  in  a 
uniform  ridge  on  the  center  line  of  the  road  and  shall  be  spread  immediately  upon  the  sub- 
grade  to  a  uniform  section.  This  work  shall  be  started  at  a  point  on  the  road  nearest  the 
pit  or  loading  place  and  shall  proceed  therefrom  until  the  extreme  haul  in  that  direction  is 
reached. 

Shaping  and  Compacting. — The  resurfacing  material  shall  be  shaped,  while  being  com- 
pacted under  travel  by  the  use  of  a  blade  grader,  tooth  harrow,  planer  or  other  suitable 
means.  Ruts  formed  by  the  hauling  or  by  travel  shall  be  dragged  full  at  least  once  each 
day  and  more  frequently  if  necessary,  to  prevent  cutting  through  the  surfacing  material 
into  the  subgrade.  Holes,  waves  and  undulations,  which  develop  and  are  not  filled  by 
dragging  shall  be  filled  by  adding  more  material  according  to  the  direction  of  the  engineer. 
The  shaping  of  the  material  shall  be  performed  according  to  the  direction  of  the  engineer 
and  shall  be  continued  until  the  material  is  well  compacted,  free  from  ruts,  waves  and 
undulations  and  is  made  to  conform  to  the  cross-section  indicated  on  th6  standard  above 
mentioned. 

If  the  material  is  not  sufficiently  compacted  by  the  above  methods  within  20  days  after 
placing,  the  engineer  shall  direct  the  character,  amount  and  method  of  applying  the  binding 
material  necessary  to  produce  a  compacted  surface,  and  the  contractor- shall  provide  the 
necessary  labor  and  equipment  to  perform  such  additional  work  at  the  unit  prices  sub- 
mitted for  the  application  of  the  regular  surfacing  material.  The  County  shall  furnish 
this  binding  material  in  the  same  manner  as  provided  for  the  regular  first  and  second  course 
material. 

Second  Course.— When  the  first  course  is  compacted  and  shaped  as  specified,  to  the 
satisfaction  of  the  engineer,  he  shall  authorize  the  application  of  the  second  course  materials. 
It  shall  then  be  applied,  shaped  and  compacted  by  the  methods  specified  for  the  first  course. 
The  work  of  shaping  and  compacting  shall  be  continued  until  the  material  is  well  compacted 
with  the  surfacing  free  from  ruts,  waves  and  undulations  and  conforming  to  the  specified 
cross-section. 
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Other  Coarse  Materials.^ — The  same  principles  apply  to  the  use  of 
any  available  local  material  such  as  slag,  chert,  caliche,  disintegrated 
granite,  cinders,  shell,  etc.,  each  one  of  which  can  be  used  to  advantage 
in  special  localities.     A  Specification  for  Chert  follows: 

CHERT  SURFACE  (ALABAMA  STATE  SPECIFICATIONS) 

Description. — On  the  sub-grade,  prepared  as  hereinbefore  specified,  shall  be  con- 
structed a  cliert  surface  of  the  cross-section  and  compacted  thiclcness  shown  on  the  plans. 

Chert. — Before  any  chert  is  used  in  the  construction  of  the  road  surface,  it  shall  first 
have  been  approved  by  the  Engineer.  In  general,  the  special  provisions  accompanying 
the  proposal  form  will  indicate  the  locations  from  which  satisfactory  chert  may  be  obtained 
and  also  indicate  whether  crushing  and  screening  of  the  chert  will  be  required.  Any  large 
particle  of  chert  that  may  be  spread  on  the  road,  and  that  would  fail  to  pass  a  2-in. 
ring,  shall  be  broken  by  hammering,  or  otherwise,  before  the  surface  is  rolled.  Unless 
otherwise  provided  in  the  special  provisions,  chert  quarries  will  be  furnished  by  the  County 
free  of  charge  to  the  contractor,  but  the  contractor  must  provide  and  maintain  roads  to  such 
quarries  at  his  own  expense. 

Construction  Methods. — The  chert  shall  be  spread  on  the  sub-grade  to  such  depth  that 
when  compacted  the  surface  will  have  the  compacted  thickness  shown  on  the  plans.  It 
shall  be  dumped,  spread  and  rolled  in  the  manner  hereinbefore  specified  for  dumping, 
spreading  and  rolling  No.  1  and  No.  2  crushed  stone  in  the  case  of  crushed  stone  surfaces. 
Where,  in  the  judgment  of  the  engineer,  the  conditions  are  such  that  a  well  bonded  surface 
is  not  secured  by  rolling  as  above  specified,  the  contractor  shall  sprinkle  the  surface  with 
water  while  the  rolling  is  in  progress,  and  the  sjjrinkling  shall  be  done  in  such  quantity  and 
in  such  manner  as  the  engineer  may  direct. 

Basis  of  Pavement. — The  contract  price  per  cubic  yard  for  chert  for  surfacing  shall  be 
full  compensation  for  quarrying,  crushing,  loading,  spreading,  rolling,  sprinkling,  hauling 
the  chert  1  mile  or  less,  and  maintaining  the  surface  until  the  roads  is  accepted. 
Measurement  of  chert  will  be  made  in  trucks,  wagons,  or  cars  as  the  chert  is  delivered. 
Stripping  of  chert  quarries  will  be  paid  for  at  the  contract  price  for  common  excavation. 
The  bid  price  for  overhaul  of  chert  will  be  paid  on  all  chert  necessarily  hauled  a  distance 
greater  than  1  mile.  The  method  of  determining  overhaul  will  be  in  all  respects 
similar  to  that  provided  for  determining  overhaul  in  the  case  of  crushed  stone  surfaces. 

REPORT   ON    RHYTHMIC    CORRUGATIONS   BY   GEO.    E.   LADD 
FOR  U.  S.  OFFICE  OF  ROADS 

Their  Relation  to  Traffic. — Gravel  roads  subject  to  a  traffic  of  not  more  than  200  or 
300  cars  per  day  remain  practically  free  from  corrugations,  if  occasionally  dragged.  As  soon, 
however,  jas  traffic  reaches  400  to  450  cars  per  day  corrugations  develop  very  rapidly. 
In  the  State  of  Maine,  where  tourist  traffic  is  large  during  the  summer  months,  and 
its  rate  of  increase  is  well  known,  the  State  Highway  officials  can  predict  almost  to  a  day, 
when  corrugations  will  begin  to  develop  on  certain  roads.  The  traffic  limitations  of  gravel 
roads  in  general  are  determined  by  the  intensity  of  maintenance  required  and  by  its  costs. 
Sufficient  data  have  not  yet  been  gathered  on  this  subject.  A  Highway  engineer's  hand- 
book covering  the  subject  of  gravel  roads  states  that  they  are  not  fit  for  traffic  exceeding 
100  cars  per  day,  but  in  Maine,  Connecticut,  New  Hampshire,  and  other  states,  they  are 
successfully  serving  a  traffic  of  from  700  to  several  thousand  cars  per  day.  In  Wisconsin, 
gravel  roads  are  maintained  with  comparatively  smooth  surface  so  that  auto  travel  is  com- 
fortable and  satisfactory  on  roads  serving  from  1,800  to  3,200  cars  per  day  with  a 
maintenance  cost  ranging  from  $280  to  $320  per  year,  or  from  $600  to  $700  per  yea  r  when 
the  roads  are  also  treated  with  dust  preventives. 

Maintenance  costs  on  gravel  roads  in  various  states  have  been  reported  to  the  writer 
as  ranging  from  $1,000  to  $3,000  per  year.  No  satisfactory  analyses  of  such  costs  have 
been  made  and  it  is  presumed  that  a  considerable  portion  of  them  really  belong  to 
improvement  and  reconstruction. 
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The  Relation  of  Rhythmic  Corrugations  to  Kinds  of  Gravel  Mix  and  Methods  of  Con- 
struction.— The  fact  that  these  corrugations  are  so  general  and  occur  in  all  sections  of  the 
United  States  makes  it  evident  that  nearly  all  gravel  roads  are  subject  to  the  development 
of  this  nuisance  and  menace,  if  they  serve  sufficient  traffic,  although  the  methods  of  con- 
struction and  kinds  of  gravel  vary  widely.  The  situation,  however,  is  not  hopeless.  Sev- 
eral highway  officials  have  expressed  the  opinion  that  less  corrugation  trouble  is  found 
where  the  gravel  is  angular  than  where  it  is  composed  of  highly  rounded  particles.  It  is  also 
claimed  that  where  the  road  is  constructed  of  gravel  more  uniform  in  size  than  pit  run,  and 
especially  where  everything  over  1  in.  is  excluded,  that  corrugations  are  slower  in  developing 
and  more  easily  eliminated  by  maintenance  methods.  In  northern  New  Hampshire  some 
roads  are  built  of  so-called  gravel  which  has  resulted  from  the  decomposition  of  granite 
rocks  and  is  full  of  angular  quartz.  The  roads  built  of  this  material  are  said  to  give  better 
service  so  far  as  corrugations  are  concerned  than  those,  built  in  the  same  state,  of  glacial 
gravels,  or  those  resulting  from  disintegration  of  schistose  rock.  It  is  claimed  in  Wisconsin 
that  the  best  service  given  by  gravel  roads,  so  far  as  corrugations  are  concerned,  is  found 
where  pit  run  gravel  is  passed  through  a  crusher  and  the  material  only  used  which  ranges 
in  size  from  1  in.  down.  Highway  engineers,  notably  some  in  Wisconsin,  and  in  Oregon, 
object  to  any  clay  binder  in  the  gravel  and  prefer  only  the  fines  produced  by  crushing,  and 
such  as  result  from  surface  wear. 

During  the  writer's  investigations  in  the  state  of  Maine  it  was  noted  that  roads  with  a 
relatively  high  per  cent  of  clay-silt  binder  were  comparatively  free  from  corrugations.  On 
one  road  on  which  rhythmic  corrugations  were  well  developed  a  patch  near  the  center 
of  the  road,  about  70  ft.  long  and  varying  from  1  to  4  ft  in  width,  was  uncrossed  by  corruga- 
tions, and  had  a  hard,  smooth  surface.  Examination  showed  that  this  patch  had  about 
5  per  cent  more  clay-silt  bond  than  the  surrounding  road. 

On  the  gravel  road  between  Waterville  and  Bangor  corrugations  develop  rapidly  during 
the  summer  traffic,  and  are  kept  down  only  by  constant  maintenance  for  almost  its  entire 
length.  Comfortable  travel  on  this  road  was  made  possible  only  by  continuous  use  of  drags 
and  planers.  One  short  section  of  the  road,  however,  was  practically  free  from  corru- 
gations throughout  the  summer.  This  section  was  built  of  a  softer  gravel,  which  was 
high  in  clay-silt  bond.  Unfortunately,  though,  while  this  section  of  road  gives  satisfaction 
during  the  summer  months,  it  is  said  to  be  nearly  impassable  in  the  spring.  Thus  it  may 
be  that  an  all-year  gravel  road  that  will  not  require  intensive  maintenance  cannot  be  built 
in  states  subject  to  heavy  freezing  and  wet  seasons. 

This  problem  remains  for  future  solution  and  must  be  worked  out  by  a  combination  of 
field  observations  and  laboratory  tests.  In  this  connection  it  may  be  stated  that  the  present 
standard  tests  of  gravel  are  unsatisfactory  in  that  they  do  not  include  determination  of  the 
nature  and  qualities  of  natural  binder  originally  in  the  gravel.  The  so-called  cementing 
value  test  has  to  do  only  with  the  products  of  abrasion  of  individual  gravel  particles.  While 
it  is  important  to  determine  this  factor,  there  must  also  be  a  determination,  in  addition  to 
the  facts  brought  out  by  mechanical  analyses  as  to  the  quantity  of  clay-silt  binder,  of  the 
cementing  value  of  this  fine  material.  The  writer  is  now  engaged  in  experiments  con- 
nected with  the  testing  of  different  mixtures  of  gravel,  sand  and  clay-silt  binders,  and  their 
behavior  under  different  degrees  of  compacting  and  with  different  amounts  of  water  present. 
In  future  investigations  observations  must  be  made  over  a  wide  area  and  under  varying 
conditions  as  to  the  relation  between  the  amount  and  kind  of  natural  binder  in  the  road 
and  the  behavior  of  the  road  under  traffic.  Another  interesting  problem  in  this  con- 
nection is  the  question  of  migration  of  clay  binders  toward  the  surface,  and  their  ultimate 
loss  to  the  road  through  the  combination  of  rain,  wind  and  traffic  influences. 

The  Effect  of  Dust  Preventives  and  Surface  Binders. — A  preliminary  study  has  been 
made  of  problems  of  surface  treated  gravel  roads.  Matters  of  methods,  costs  and  service 
have  been  studied  to  some  extent  in  certain  states.  Surface  binders  in  a  general  way  pre- 
vent development  of  corrugations,  and  where  the.se  do  occur  on  binder-treated  roads,  it  has 
been  demonstrated  that  they  result  from  excessive  quantities  of  bituminous  material. 
This  statement  does  not  refer  to  dust-prevention  treatment,  and  is  perhaps  not  true  of 
glutrin-treated  roads.  Some  states  use  both  tar  and  oil  binders,  some  will  use  only  oil  and 
others  only  tar.  One  state,  at  least,  uses  glutrin  almost  exclusively.  Dust  preventives 
have  been  seen  to  fulfil  the  primary  requirement.  Their  effect  on  corrugations,  however,  is 
not  yet  clear.     It  is  not  unlikely  that  they  delay  the  development  of  rhythmic  corrugations 
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of  the  first  type  discussed  above.  It  is  clear,  however,  that  they  do  not  prevent  their 
development.  They  successfully  lay  dust  for  long  periods,  in  spite  of  heavy  traffic,  and 
they  lengthen  the  life  of  a  road  by  retarding  loss  of  surface  material. 

Maintenance  Methods.^ — The  maintenance  required  by  a  gravel  road  depends,  of 
course,  largely  upon  the  amount  of  traffic  to  which  it  is  subjected.  If  this  does  not  exceed 
200  or  300  cars  per  day,  occasional  dragging,  especially  after  rains,  will  keep  the  surface  in 
good  condition.  As  traffic  increases,  however,  surface  maintenance  must  be  practically 
continuous,  and  even  then  dragging  or  scraping  will  not  keep  a  road  free  from  corrugations. 
The  planer,  a  simple  machine  familiar  to  all  highway  engineers,  is  employed  in  addition  to 
the  drag  and  road  scraper.  Planers^  are  of  different  types.  Those  used  in  some  states 
have  a  single  cutting  blade,  whUe  those  used  in  other  states  have  several  shorter  blades  so 
arranged  as  not  only  to  cut  down  corrugations  but  to  distribute  and  rearrange  the  surface 
materials.  Apparently,  the  best  machine  for  eliminating  corrugations  has  not  been  devised. 
The  planer  certainly  does  not  always  entirely  remove  them,  some  of  the  bases  of  ridges  being 
left  so  that  traffic  may,  in  24  hours  after  the  planing  of  the  road,  reproduce  the  corrugations 
in  original  form  and  position.  Even  resurfacing  with  l}-^  to  2  in.  of  gravel,  following  plan- 
ing of  the  road,  will  not  prevent  the  immediate  recurrence  of  corrugations  which  have  not 
been  entirely  eliminated  by  planing  and  dragging.  In  Wisconsin  some  gravel  roads  subject 
to  heavy  traffic  are  scarified  once  or  twice  during  the  summer  months,  and  left  to  be  recom- 
pacted  by  traffic.  This  is  heroic  treatment.  Experiments  are  contemplated  for  this  com- 
ing field  season  which  may  lead  to  improving  maintenance  methods,  so  far  as  corrugations 
are  concerned.  The  whole  subject  of  maintenance  of  gravel  roads,  and  its  cost  and  eco- 
nomic significance  will  be  discussed  in  another  paper. 

SAMPLE  OFFICIAL  DESIGN  REPORT 

Recommending  Gravel  Pavement  Construction  on  Class  III  Traffic  Primary 

State  Highway 

The  following  condensed  report  shows  a  case  where  gravel  construc- 
tion was  recommended  on  a  primary  State  Road.  This  report  refers  to 
the  road  discussed  in  Appendix  ''B,"  pages  581  to  596: 

FEDERAL  AID  PROJECT  NO.  184  WOODVILLE— BRISTOL  SPRINGS— CHESHIRE 

Alternate  Estimates. — Three  alternate  estimates  are  submitted.  Any  of  these  will 
serve  the  purpose  and  each  has  certain  desirable  features. 

First  Reinforced  Cement  Concrete  7-,  6-,  and  7-in.  Mesh  and  Bar. — This  design  is  esti- 
mated at  $620,000  or  an  increase  of  approximately  $154,000  over  the  estimate  of  August 
1922.  Approximately  $36,000  of  this  increase  is  due  to  relocation  changes  requested  by  the 
Office  of  Public  Roads.  Approximately  $118,000  of  the  increase  is  due  to  change  in 
Pavement  Thickness,  Guard  Rail  Type,  Culvert  Improvements  and  Increase  in  Unit 
Prices. 

This  design  will  satisfy  the  Office  of  Public  Roads  but  will  not  satisfy  the  local  author- 
ities, due  to  large  increase  in  cost. 

As  per  our  previous  correspondence,  there  is  some  doubt  as  to  the  advisability  of 
attempting  to  construct  a  Concrete  Pavement  on  the  fresh  high  fills  and  new  side  hill 
grading,  Sta.  0-240,  for  a  series  of  short  breaks  aggregating  from  3,000  to  7,000  lin. 
ft.  as  per  list  attached  to  alternate  Typical  Section. 

Second  Estimate  Oiled  Gravel  Pavement.- — This  design  is  estimated  at  .$450,000  as 
compared  with  the  August  estimate  of  $466,000.  This  design  is  based  on  a  13-in.  Oiled 
Gravel  Pavement  with  extra  subbase  for  the  entire  length  of  the  road.  It  also  used 
Guide  Posts  as  per  original  estimate  on  straight  alignment. 

This  design  will  satisfy  the  Office  of  Public  Roads  and  the  local  authorities.  It  will 
increase  the  yearly  maintenance  charge  for  the  first  few  years  until  recapped,  but  considering 

1  Mr.  Ladd's  report  bears  out  our  local  experience  that  maintenance  costs  increase  very  rapidly 
where  the  volume  of  traffic  exceeds  450  to  500  daily  average. 

2  See  page  450,  Chap.  IV. 
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the  volume  of  traffic,  this  will  not  be  beyond  the  bounds  of  reason,  as  indicated  by  our 
Maintenance  records  for  this  type  under  light  traffic.  This  design  seems  to  be  the  most 
rational  solution  for  this  particular  road  considering  all  the  factors  involved  namely:  high 
cost  of  grading  impossible  to  eliminate  and  still  get  the  approval  of  the  U.  S.  Bureau; 
second,  limited  local  funds;  third,  economy  of  final  cost  as  compared  with  Concrete  Pavement 
Construction. 

Third  Estimate  Combination  of  Concrete  and  Oiled  Gravel. — This  design  is  estimated  at 
$584,000  or  an  increase  in  cost  of  S118,000  over  the  estimate  of  August,  1922.  This  design 
substitutes  a  13-in.  Oiled  Gravel  Pavement  for  Cement  Concrete  on  the  doubtful  grading 
sections  of  the  road.     It  also  used  Guide  Posts  in  place  of  Cable  Rail  on  straight  alignment. 

This  design  will  satisfy  the  Office  of  Public  Roads  and  may  serve  as  a  compromise 
solution  with  the  local  authorities  provided  the  Department  desires  to  use  concrete  on  this 
road. 

Pavement  Type. — This  road  is  isolated  from  Railroad  shipping  points  and  imported 
materials  would  be  prohibitive  in  cost.  There  is  a  limited  amount  of  local  boulder  stone 
7,000  to  10,000  cu.  yd.  widely  scattered  and  difficult  to  collect,  Sta.  240-519.  This  stone  is 
suitable  for  boulder  base.  There  is  one  good  gravel  pit  of  unlimited  capacity  on  road 
(Long's  pit,  1,600  ft.  from  Sta.  140).  This  gravel  is  suitable  for  gravel  foundations  and 
screened  gravel  top  course  and  if  washed  for  cement  concrete  pavement.  This  gravel 
seems  to  be  the  most  feasible  source  of  supply.  Alternate  estimates  have  been  prepared 
for  cement  concrete  pavement  7,  6,  7  in.  costing  approximate  $3.40  per  square  yard  and  for 
a  13-in.  oiled  gravel  pavement  costing  approximately  $1.50  per  square  yard.  There  are 
86,000  sq.  yd.  of  pavement  on  this  job. 

Cement  Concrete  7,  6,  7  in. 

Mesh  and  Bar 

Cost  per  Square  Yard 

0.18518  cu.  yd.  concrete  @  7.90 $1.46 

0.3518  bbl.  cement  @  3.90 1 .  37 

9  sq.  ft.  mesh  @  0.055 0 .  50 

2.81  lb.  bars  @  0.036 0.10 


$3.43 
86,000  sq.  yd.  X  $3.40— $292,400 
Average  maintenance  $0,008  per  square  yard. 
Class  III  traffic  (less  than  500  vehicles  daily) 

Gravel  Pavement  Oiled 

13-in.  Depth 

6,  4,  3  in. 

Cost  per  Square  Yard 

0.278  cu.  yd.  pit  run  foundation  @  $3.40 $0.95 

0.083  cu.  yd.  screened  top  @  5.20 0 .  43 

0.37  gal.  oil  (S^  0.15 0 .  06 

3  lb.  calcium  chloride  @  0.012 0 .  04 


$1.48 
86,000  X  1.50  =$129,000 
Average  maintenance  $0,065 

Class  III  traffic  (less  than  500  vehicles  daily).     Under  these  conditions  the  gravel 
pavement  seems  to  be  a  desirable  solution. 

W.  G.  HARGER. 
Designing  Engineer. 

Miscellaneous  Special  Cases. — Alaskan  climatic  and  soil  require- 
ments afford  special  problems;  the  following  quotation  from  Engineering 
and  Contracting  of  March  6,  1918,  indicates  an  interesting  condition  as 
described  in  the  report  of  the  Alaskan  Highway  Commission : 
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The  most  unusual  and  troublesome  feature  encountered  in  construction  is  the  per- 
manently frozen  ground  which  covers  a  large  portion  of  the  entire  interior,  and  which  is 
protected  from  thawing  during  the  summer  by  a  thick  layer  of  moss,  turf,  or  decayed  vege- 
table matter.  The  character  of  this  frozen  material  varies  largely  in  different  sections  of 
the  territory,  and  even  in  the  same  section.  It  may  be  gravel,  clay,  silt,  peat,  or  clear  ice 
or  a  combination  of  two  or  more  of  these  elements. 

When  gravel  is  encountered  the  problem  presents  no  special  difficulties;  the  moss  or 
turf  is  stripped  off,  and  the  road  graded  in  the  usual  manner.  When  the  material  is  clay, 
experience  has  shown  that  the  same  procedure  can  usually  be  followed,  but  the  grading  is  a 
slow  and  rather  expensive  process.  After  the  protective  covering  of  vegetable  matter  is 
removed,  it  is  necessary  to  allow  the  soil  to  thaw  and  dry  out  somewhat  before  it  can  be 
worked,  and  unless  a  considerable  period  is  allowed  to  elapse  between  the  stripping  and  the 
grading,  it  will  be  found  that  the  thawing  is  not  extended  to  sufficient  depth  to  permit  of 
completing  the  grading  in  one  operation.  When  the  necessity  for  the  road  is  not  pressing, 
an  appreciable  saving  can  be  effected  by  stripping  the  roadbed  and  digging  drainage  ditches 
during  one  season,  completing  the  construction  the  next  year. 

In  those  localities,  however,  where  the  frozen  material  is  silt  or  peat,  the  stripping  of  the 
road  bed  quickly  results  in  the  formation  of  a  quagmire  through  which  a  man  or  horse,  even 
without  a  load,  can  pass  only  with  the  greatest  difficulty.  Such  soil  has  sufficient  bearing 
value  only  as  long  as  it  remains  frozen,  which  makes  it  desirable  that  the  moss  or  turf  over- 
lying it  be  kept  intact.  This  layer  of  vegetable  matter  is  not  of  itself  able  to  sustain  traffic, 
necessitating  the  addition  of  a  protective  covering — usually  of  scrub  spruce  timber  which 
covers  a  large  part  of  interior  Alaska,  except  the  Seward  Peninsula,  and  affords  excellent 
material  for  this  corduroy. 

Where  the  trees  are  large  enough  pole  corduroy  is  constructed  by  grubbing  all  stumps 
and  roots  from  the  road  bed,  leveling  it,  and  laying  perpendicularly  to  the  axis  of  the  road  a 
single  layer  of  poles  from  which  the  largest  and  stiffest  branches  have  been  trimmed. 
Ditches  are  then  dug  at  a  distance  of  3  to  5  ft.  from  the  ends  of  the  poles,  and  the  material 
therefrom,  after  rejecting  the  top  layer  of  vegetable  matter,  is  placed  on  the  corduroy  for 
the  double  purpose  of  protecting  it  from  wear  and  affording  a  smoother  roadway.  If  the 
soil  in  the  ditches  is  entirely  unsuitable  for  this  covering,  other  material,  preferably  gravel, 
is  hauled  on  from  the  nearest  available  source. 

Where  the  spruce  timber  is  of  very  small  size,  or  where  only  small  willows  are  available, 
as  on  the  Seward  Peninsula,  brush  corduroy  is  used.  The  method  of  construction  is  similar 
to  that  described  above,  except  that  the  single  layer  of  poles  is  replaced  by  a  mattress  of 
untrimmed  brush  containing  sufficient  material  to  give  a  thickness  of  at  least  6  in.  when 
compressed. 

When  corduroy  has  been  properly  protected,  its  life  in  most  parts  of  Alaska  is  quite 
long.  Poles  taken  out  of  the  road  after  10  years  of  service  have  been  found  to  be  in  excellent 
condition. 

The  3-  to  5-ft.  berm  which  is  left  between  the  ends  of  the  corduroy  and  the  ditches  is 
very  necessary  to  protect  the  corduroy  from  undermining,  as  the  ditches,  under  the  action 
of  sun  and  rain,  slough  and  cut  rapidly.  Ordinarily,  as  the  frozen  soil  thaws  and  cuts 
away  the  moss,  the  berm  gradually  assumes  a  gentle  slope  to  the  bottom  of  the  ditch, 
effectually  protecting  the  corduroy,  but  where  the  cutting  is  severe,  it  often  becomes 
necessary  to  revet  the  insides  of  the  ditches  with  moss  or  turf.  Frequent  outlets  from  the 
ditches  must  be  provided,  and  when  the  amount  of  water  reaching  the  ditch  on  the  upper 
side  of  the  road  is  large  it  is  advisable  to  construct  an  additional  ditch  parallel  to  the  road 
and  about  50  ft.  away,  with  sufficient  outlets  to  culverts  of  ample  size. 

Along  the  Pacific  coast  of  Alaska  no  frozen  ground  is  encountered,  but  the  mountainous 
character  of  the  country,  the  excessive  rainfall,  and  the  difficulties  of  clearing,  have  made 
the  work,  as  a  rule,  even  more  expensive  than  in  the  interior.  Unless  the  soil  encountered 
in  this  region  is  gravel,  it  will  not  stand  up  under  traffic  during  the  heavy  and  continuous 
rains,  and  some  protective  covering  is  required.  Fortunately  gravel  is  usually  found  at  no 
great  distance;  otherwise  corduroy  or  plank  roads  are  constructed. 

The  numerous  swift  streams  of  glacial  origin  found  in  the  Pacific  coast  section  and 
throughout  the  Alaskan  range  in  the  interior  have  been  the  source  of  much  trouble  and 
expense.  Flowing  through  gravel  beds  varying  in  width  with  the  volume  of  water  carried 
up  to  2  miles  or  more,  they  rarely  have  any  fixed  channels.     It  is  by  no  means  uncommon 
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for  one  of  these  streams  to  abandon  an  old  channel  and  establish  itself  in  a  new  one  3-2  "lil® 
away  almost  over  night.  When  warm  weather  causes  rapid  melting  of  snow  and  ice  in  the 
glaciers,  these  streams  become  raging  torrents  of  enormous  destructive  force,  and  roads 
paralleling  them  are  in  constant  danger  of  being  washed  away.  Numerous  methods  of 
bank  protection  to  prevent  damage  from  this  cause  have  been  tried,  of  which  the  following 
has  proved  to  be  the  cheapest  and  most  effective.  A  layer  of  loose  brush  of  sufficient  length 
to  give  the  requisite  protection  is  placed  on  the  threatened  bank,  perpendicular  to  the 
current  and  weighted  below  the  center  with  stone  enveloped  in  galvanized-wire  netting, 
the  whole  being  anchored  in  place  by  wires  extending  to  "dead-men."  For  emergency 
work  when  the  water  is  too  high  to  permit  of  placing  the  wire  netting  and  rock,  the  brush  is 
made  into  fascines  inclosing  sacks  of  earth,  which  are  then  placed  against  the  threatened 
bank  and  wired  to  it  and  to  each  other.  This  form  of  protection  is  easily  and  quickly  con- 
structed and  has  repeatedly  demonstrated  its  effectiveness. 

As  now  constructed,  the  width  of  wagon  roads  varies  with  the  formation  of  the  ground 
and  the  amount  of  traffic  expected,  but  as  a  general  rule  roads  graded  by  other  means  than 
the  road  grader  are  given  a  minimum  width  of  20  ft.  between  ditches,  and  those  on  which  the 
grader  is  used  a  minimum  width  of  24  ft.  On  steep  sidehillsand  where  rock  work  is  involved, 
the  width  is  reduced  to  10  or  12  ft.  The  standard  width  of  dealing  is  30  ft.  but  this  is 
is  increased  to  60  ft.  where  necessary  in  order  to  secure  the  beneficial  action  of  wind  and  sun 
on  the  road  bed. 

Sled  roads  for  winter  traffic  only  are  cleared  for  a  width  of  16  ft.,  with  all  stumps, 
hummocks  and  similar  obstacles  removed  for  a  width  of  8  ft.  They  are  constructed  where 
the  amount  of  traffic  is  not  large  enough  to  justify  a  wagon  road,  where  the  cost  of  building 
a  wagon  road  would  be  prohibitive,  or  where  the  communities  along  the  route  are  amply 
served  by  water  transportation  during  the  open  season,  as  is  the  case  with  the  Fairbanks- 
Fort  Gibbon  sled  road.  If  it  seems  probable  that  future  development  may  demand  or 
justify  a  wagon  road,  the  location  is  made  as  for  a  wagon  road,  in  order  that  work  done  on 
the  sled  road  may  be  of  use  when  the  improvement  is  made. 

Trails  designed  for  travel  by  dog  team  in  winter  or  by  pack  train  in  summer  are  given  a 
width  of  8  ft.  with  all  stumps  and  underbrush  cut  off  as  close  to  the  ground  as  possible. 

In  the  past,  the  work  of  constructing  and  gradually  improving  the  roads  has  been  so 
generally  intermingled  with  maintenance  operations  that  a  systematic  plan  for  mainte- 
nance has  not  been  put  into  effect,  nor  would  such  a  plan  have  been  feasible  in  view  of  the 
uncompleted  state  of  the  roads.  At  the  present  time,  however,  the  condition  of  parts  of  the 
more  important  roads,  notably  the  Valdez-Fairbanks  Road,  is  such  as  to  make  practicable 
their  maintenance  by  dragging.  As  Alaska  has  only  a  very  small  agricultural  population, 
the  method  adopted  in  many  states  of  contracting  with  farmers  adjacent  to  the  road  for  the 
necessary  dragging  cannot  be  used,  but  it  is  intended  to  place  on  completed  sections  small 
maintenance  crews  consisting,  as  a  rule,  of  two  men  each,  supplied  with  a  team,  wagon,  drag, 
and  the  necessary  small  tools.  Two  such  crews  have  been  employed  on  the  Valdez- 
Fairbanks  Road  during  the  present  summer,  with  very  satisfactory  results.  On  several  of 
the  gravel-surfaced  roads  in  southeastern  Alaska  the  patrol  system  of  maintenance  has 
been  used  in  connection  with  more  extensive  repairs.  The  results  show  the  method  to  be 
very  effective  for  roads  of  this  character. 

The  average  costs  per  mile,  including  construction  and  maintenance  of  all  roads  and 
trails  constructed  by  the  board  since  its  organization  in  1905  are  as  follows:  Wagon  road, 
$3,419;  sled  road,  $379;  trail,  $113.  A  division  of  these  amounts  to  show  the  exact  cost  of 
construction  proper  is  impossible,  but  a  careful  analysis  of  the  available  data  indicates  that 
the  following  unit  costs  of  construction,  including  bridges,  may  be  accepted  as  approxi- 
mately correct:  Wagon  roads,  $2,475  per  mile;  sled  roads,  $300  per  mile;  trails,  $65  per  mile. 
The  average  costs  of  maintenance  during  the  past  season  were  as  follows:  Wagon  roads, 
$250  per  mile;  sled  roads,  $41  per  mile;  trails,  $8  per  mile. 

Arid  Regions. — In  the  arid  regions  fills  must  be  avoided.  Ordinary 
earth  roads  are  constructed  below  the  general  elevation  of  the  ground 
which  keeps  them  moist  longer  (see  accompanying  illustrations) ;  shallow 
ditches  are  used  for  the  same  reason.     In  many  cases  a  hardpan  forma- 
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tion  underlies  the  sand  surface  and  in  these  conditions  the  sand  surface 
is  scraped  off  and  the  road  built  on  the  underlying  strata. 

Where  fills  must  be  used  they  should  be  made  during  the  rainy  season 
and  the  addition  of  clay  to  a  sandy  soil  helps  consolidate  the  traveled 
way.     Readers  are  referred  to  the  reports  of  the  State  Engineers  of  New 

Nafural  Ground  Surface-. 


Fio.  64. — Roadbed  below  natural  ground  elevation. 

Mexico  and  Arizona  for  further  data  on  the  special  treatment  of  roads 
under  these  conditions. 

Summary. — Roads  of  the  type  discussed  in  the  preceding  part  of 
this  chapter  form  the  groundwork  of  future  high-class  pavements  and 


i^UnderluIng  Hardpc 


Fig.   64.4. — Roadbed  on  underlying  hard  formation. 

represent  the  greater  percentage  of  mileage  of  roads  in  this  country. 
They  are  entitled  to  more  engineering  supervision  than  they  have  received 
in  the  past.  That  is  they  should  be  improved  by  a  series  of  well  thought 
out  related  steps  of  progressive  improvement  (see  page  7). 
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STONE  AND  GRAVEL  FOUNDATION  COURSES  FOR  FLEXIBLE  TYPE  PAVE- 
MENTS 

Preparation  of  Subgrade. — It  is  evident  from  the  pressures  to  which 
a  road  is  subjected  that  the  subgrade  must  be  well  consolidated  before 
placing  the  foundation  stone.  This  is  usually  effected  by  rolling  with  a 
10-  or  15-ton  steam  roller,  exerting  a  pressure  of  350  to  500  lb.  per 
linear  inch  or  wheel  width,  and  is  continued  until  the  grade  is  firm  and 
compact. 

The  difficulties  of  consolidation  in  different  soils  and  the  methods  of 
overcoming  them  are  discussed  under  Inspection,  pages  224  and  225. 

Kinds  of  Foundation  Courses. — ^The  foundation  courses  in  ordinary 
use  are  as  follows: 

1.  Crushed  stone. 

2.  Screened  gravel. 

3.  Field  stone  subbase. 

4.  Pit  gravel  subbase. 

5.  Field  stone  subbase  bottom  course. 

6.  Pit  gravel  subbase  bottom  course. 

7.  Quarry  stone  base  or  Telford. 

1.  Broken  Stone  Bottom  Course. — This  style  of  construction  is  the 
one  in  most  general  use.  Where  local  stone  is  abundant  and  well  distrib- 
uted, such  a  course  will  cost^  from  $3.50  to  $5  per  cubic  yard  rolled 
in  place;  where  imported  stone  is  necessary,  the  cost  depends  largely 
upon  the  freight  rate  and  the  length  of  haul  and  may  run  as  high  as 
$7.  Bottom  of  this  kind  is  generally  used  where  the  total  depth  of 
stone  metalling  does  not  exceed  6  to  8  in.  after  rolling.  Beyond  these 
depths  it  is  often  cheaper  to  substitute  subbase  or  subbase  bottom  course 
for  a  part  or  the  whole  of  the  broken  stone  course. 

The  method  of  construction  by  the  New  York  State  Highway  Com- 
mission is  shown  in  the  following  extract  from  the  1920  specifications: 

BOTTOM  COURSE 

Item  44 — Bottom  Course — ^Screened  Gravel 
Item  45 — Bottom  Course — Broken  Stone 
Item  45A — Bottom  Course — Broken  Slag 

Work.  44.1.  Under  these  items  the  Contractor  shall  furnish  and  place  stone,  slag  or 

gravel,  conforming  to  the  general  requirements  for  same,  either  upon  the  properly 
prepared  subgrade  or  upon  the  foundation  course.  This  stone,  slag  or  gravel 
shall  be  of  sizes  specified  below. 

'  All  costs  are  for  comparative  purposes  and  are  based  on  1922  conditions. 
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Material.  44.2.  After  the  subgrade  or  foundation  course  shall  have  been  properly  pre- 
pared and  proper  drainage  provided,  a  course  of  broken  stone,  broken  slag  or 
gravel  of  graded  No.  4  or  a  uniform  mixture  of  No.  .3  and  No.  4  shall  be  spread 
evenly  so  that  it  will  have  after  rolling  the  required  thickness.  One  inch  of  No.  2 
stone,  slag  or  gravel  may  be  used  in  the  bottom  course  if  placed  on  the  foundation 
and  will  be  considered  a  part  of  the  course.^ 

In  cases  where  the  finished  thickness  of  the  bottom  course  is  to  be  more  than 

5  in.,  the  broken  stone,  broken  slag  or  gravel  for  it  shall  be  .spread,  rolled  and 

filled  in  two  separate  layers  neither  of  which  shall  be  of  a  greater  depth  than  6  in. 

measured  loose. 

Gaging  44.3.  The  depth  of  loose  stone,  slag  or  gravel  in  all  cases  shall  be  gaged  by  the 

blocks.       use  of  cubical  blocks  of  suitable  size. 

Dumping  44.4.  The  spreading  of  any  layer  or  course  of  broken  stone,  broken  slag, 
on  road-  gravel  or  filler,  whether  in  foundation,  bottom  or  top  courses,  shall  be  done  from 
way.  suitable  spreader  wagons  or  from  piles  dumped  along  the  road  as  directed  by  the 

Engineer. 

No  segregation  of  large  or  fine  particles  will  be  allowed,  but  the  stone,  slag  or 
gravel  as  spread  shall  be  well  graded  with  no  pockets  of  fine  material. 
Rolling  44.5.  After  the  bottom  course  of  stone,  slag  or  gravel  has  been  laid  loose  it 

and  shall  be  thoroughly  rolled  with  an  approved  roller  weighing  not  less  than  10  tons, 

filling.  This  rolling  must  begin  at  the  sides  and  continue  toward  the  center  and  shall 

continue  until  there  is  no  movement  of  the  stone  or  slag  ahead  of  the  roller.  After 
the  stone  or  slag  is  thoroughly  compacted  No.  1  stone,  slag  or  gravel,  and  screen- 
ings or  sand,  or  a  mixture  of  these,  shall  be  uniformly  spread  upon  the  surface  and 
swept  in  with  rattan  or  steel  brooms  and  rolled  dry.  After  the  completion  of  the 
rolling  no  teaming  other  than  that  necessary  for  bringing  material  for  the  next 
course  shall  be  allowed  over  the  rolled  material.  It  is  the  intention  to  bind  this 
course  with  the  small  stone  or  slag  but  no  surplus  of  filler  will  be  allowed  on  this 
course.  This  course  should  not  be  laid  in  excess  of  500  lin.  ft.  without  being 
rolled  and  thoroughly  filled  so  as  to  render  it  waterproof  and  thereby  prevent  the 
softening  up  of  the  subgrade. 
In  case  of  44.6.  When  two  courses  of  bottom  stone  or  slag  are  laid  each  course  shall  be 
two  treated  by  rolling  and  adding  fine  material  as  described  above, 

courses.  44.7.  If  the  subgrade  material  shall  become  churned  up  into  or  mixed  with 

Replac-  the  bottom  or  sub-bottom  courses  through  the  Contractor's  hauling  over  it  or 
ing.  working  on  when  the  subgrade  is  in  a  wet  condition,  the  Contractor  shall  at  his 

own  expense  remove  such  mixture  of  subgrade  material  and  broken  stone,  broken 
slag  or  gravel  and  replace  it  with  clean  broken  stone,  broken  slag  or  gravel  of  the 
proper  size,  and  shall  roll  or  otherwise  compact  the  material  so  as  to  produce  a 
uniform,  firm  and  even  bottom  course. 

If  the  above  condition  occurs  through  no  fault  of  the  Contractor,  the  Con- 
tractor shall  be  paid  both  for  excavating  and  replacing  under  the  items  "  Excava- 
tion" and  "Bottom  Course"  respectively. 
Piles  of  44.8.  All  filler  for  top  and  bottom  courses  shall  be  delivered  and  piled  along- 

filler.  side  the  road  before  the  course  in  which  it  is  to  be  used  is  placed. 

Measure-  44.9.  The  quantity  to  be  paid  for  under  these  items  respectively  shall  be  the 
ment  number  of  cubic  yards  of  compacted  material  in  place  in  the  completed  course, 

and  pay-  The  amount  to  be  estimated  shall  be  computed  by  multiplying  the  finished  cross- 
ment.         section  of  bottom  course  as  shown  upon  the  plans  or  ordered  by  the  Engineer,  by 
the  length  of  the  bottom  course  measured  along  the  axis  of  the  pavement. 

The  price  bid  for  the  respective  items  shall  cover  the  furnishing,  placing, 
filling,  rolling  of  the  material  and  all  labor  and  incidental  expenses  necessary  to 
complete  the  work. 

'  No.  4  size  is  2^i  to  3^4  in. 
No.  3  size  is  l>i  to  2^i  in. 
No.  2  size  is  5^  to  IJ'i  in- 
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Where  imported  stone  is  specified  or  the  local  stone  is  suitable  for 
both  top  and  bottom  courses,  the  size  used  for  bottom  course  ranges 
from  2^4  to  3^i  in.  in  its  greatest  dimension;  the  smaller  sized  crusher 
output  is  used  for  the  top  course,  for  concrete  and  for  filler;  where  the 
local  material  is  onl}-  fit  for  bottom,  the  course  is  made  up  of  stone  ranging 
from  1  to  S^i  in.  in  order  to  use  up  the  total  output  of  the  crusher.  The 
stone  smaller  than  1  in.  is  used  for  filler,  on  the  shoulders,  and  sometimes 
for  the  cheaper  grades  of  concrete.  In  specifying  the  sized  stone  for  a 
particular  job,  economy  is  considered.  Stone  sized  from  1  to  S^-i  in.  is 
perfectly  satisfactory.  The  only  reason  for  limiting  the  usual  size  from 
2^^  to  3^^  in.  is  that  it  leaves  the  1-  to  2%-in.  stone  for  the  top  course;  a 
uniform  grade  is  important  for  the  top  and  the  size  mentioned  gives  a 
smooth  finish. 

The  ratio  of  loose  depth  to  rolled  depth  is  approximately  1.3, 

Where  filler  is  not  used  in  the  construction  of  the  bottom  course  more 
binder  is  required  for  the  top;  it  is  probable  that  the  use  of  filler  is  the 
better  construction  but  it  must  be  of  good  quality. 

The  clause  concerning  teaming  in  the  quoted  specifications  is  a  dead 
letter;  teaming  helps  to  consolidate  the  bottom  provided  it  is  distributed 
over  the  full  width  and  care  is  taken  in  watching  the  course  to  prevent 
loss  of  shape  when  the  traffic  is  first  turned  on  or  after  a  long-continued 
rainfall. 

2.  Screened  Gravel  Bottom  Course. — Screened  gravel  1  to  3}^  in.  in 
size  is  used  in  place  of  crushed  stone ;  the  course  is  constructed  in  the  same 
manner  as  described  above,  except  that  a  filler  containing  some  clay  or 
clay  loam  is  preferable  to  a  clean  sand,  and  it  is  often  necessary  to  wet 
the  course  in  order  to  consolidate  it  satisfactorily.  It  is  also  advisable  to 
apply  a  small  part  of  the  filler  before  the  course  is  rolled. 

A  gravel  bottom  should  be  made  somewhat  thicker  than  a  crushed 
stone  bottom  as  the  fragments  do  not  interlock  as  firmly  as  crushed  stone. 

The  choice  between  a  screened  gravel  or  crushed  stone  bottom  depends 
entirely  on.  the  relative  cost.  Under  favorable  conditions  a  screened 
gravel  bottom  course  will  cost  from  $2  to  S3  per  cubic  yard,  rolled 
in  place.  A  coarse  pit  run  gravel  is  preferable  to  a  screened  gravel  bottom. 
A  typical  specification  follows  for  both  gravel  bottom  and  surface 
courses. 

EIGHT-INCH  GRAVEL  PAVEMENT  (STATE  OF  CONNECTICUT) 

217.  Description. — This  surface  shall  consist  of  two  courses,  the  first  or  bottom  course 
to  be  four  (4)  inches  in  depth  after  rolling,  and  the  second  to  be  four  (4)  inches  in  depth 
after  rolling,  constructed  on  the  prepared  base  in  accordance  with  these  specifications. 
All  gravel  must  be  screened. 

218.  Gravel  Stone. — Gravel  for  the  first  course  shall  consist  of  good,  clean,  hard,  durable 
stone,  of  high  resistance  to  abrasion,  uniform  in  quality  and  graded  in  size  as  follows.  All 
gravel  used  must  pass  through  revolving  or  fixed  screens  limiting  the  sizes  so  that  the 
stone  passing  these  screens  shall  be  not  less  than  one-quarter  (.^i,)  inch  nor  greater  than 

13 
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three  (3)  inches  in  diameter.  It  is  the  intent  of  these  specifications  that  the  gravel  used 
shall  be  graded  in  size  and  that  the  resultant  passing  the  screens  shall  show  a  mixture 
including  both  the  maximum  and  minimum  sized  stone  as  specified  above. 

Gravel  for  the  second  course  shall  be  of  the  same  quality  as  above  specified  and  after 
screening  the  size  shall  be  not  less  than  one-quarter  (J  4)  inch  nor  more  than  two  (2)  inches 
in  diameter.  The  gravel  for  this  course  shall  also  be  graded  in  size  and  contain  both  the 
maximum  and  minimum  sized  stone  specified. 

A  finishing  course  of  gravel  satisfactory  to  the  Engineer,  the  size  of  which  shall  not  be 
greater  than  one-half  (3^2)  inch  in  diameter  after  screening  shall  be  finally  spread  over  the 
whole  surface. 

219.  Spreading  Gravel  Stone. — The  prepared  base  shall  be  cleaned  of  all  foreign  matter 
and  the  gravel  shall  be  spread  upon  it  with  shovels  from  piles  along  the  side  of  the  road  or 
from  dumping  boards.  It  may  be  spread  directly  from  approved  vehicles  constructed 
especially  for  this  purpose,  but  in  no  case  shall  the  gravel  be  dumped  directly  on  the  sub- 
grade  unless  with  patent  spreading  wagons. 

220.  Rolling  and  Filling  Gravel  Stone. — After  the  gravel  has  been  leveled  to  the  proper 
depth  by  hand  for  the  first  course,  it  shall  be  rolled  with  a  three  (3)  wheel  power  roller 
weighing  not  less  than  ten  (10)  tons.  All  interstices  shall  be  filled  with  the  sand  screened 
out  of  the  gravel  specified  in  paragraph  218  mixed  with  gravel  of  the  size  specified  for  the 
finishing  course  which  shall  be  cast  upon  the  road  longitudinally  and  not  crosswise 
until  all  the  voids  are  filled. 

For  the  second  course  the  same  treatment  shall  be  followed  in  every  respect  except  that 
enough  clay  shall  be  added  to  the  binder  when  necessary  to  make  a  percentage  of  12  to  15, 
but  not  to  exceed  15  per  cent  of  the  binding  material.  The  binder  shall  be  added  as 
directed  by  the  Engineer  and  thoroughly  swept  into  the  interstices  until  all  the  voids  are 
filled.  After  sprinkling  the  surface  shall  be  thoroughly  rolled.  The  addition  of  binder 
where  necessary,  and  the  sweeping,  sprinkling  and  rolling  shall  continue  until  the  course  is 
compacted. 

221.  Finishing. — After  the  two  courses  have  been  rolled  to  the  proper  compactness  the 
finishing  course  shall  be  applied.  This  course  shall  be  one-half  (.}^)  inch  in  depth  after 
rolling  and  shall  be  spread  evenly  over  the  entire  traveled  path  area  and  wetted  down  thor- 
oughly after  which  it  shall  be  rolled  until  the  whole  mass  is  firm  and  unyielding. 

222.  Sprinkling  Wagon. — The  contractor  shall  provide  and  use  continually  during  the 
construction  of  the  road  and  until  its  final  acceptance  by  the  State  Highway  Commissioner 
or  his  authorized  agent,  one  vertical  spray  sprinkling  wagon  for  each  2,600  lin.  ft.,  or 
fractional  part  thereof,  of  said  road. 

223.  Basis  of  Payment. — This  work  will  be  paid  for  at  the  contract  unit  price  per 
square  yard  for  "8-in.  Gravel  Surface"  in  place  complete,  which  price  will  include  all 
materials,  equipment,  tools,  labor  and  work  incidental  thereto. 

3.  Field  Stone  Subbase. — Field  stone  subbase  is  constructed,  as 
shown  in  the  cut,  of  field  boulders  roughly  placed  and  filled  with  gravel, 
waste  ^^-in.  stone  or  stone  chips;  no  attempt  is  made  to  finish  the  top  of 


Sab-Bcf6e 
Fig.  65. — Boulder  subbase. 

the  course  exactly  to  line  and  grade,  as  any  small  inequalities  can  be 
filled  with  bottom  stone.  The  depth  varies  from  5  to  20  in.  depending 
on  the  soil  encountered  and  the  size  of  the  available  field  stone  but  for 
depths  of  over  8  in.  the  foundation  must  be  constructed  as  a  series  of 
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layers  not  exceeding  8  in.  each  in  order  to  get  proper  compaction  and 
filling.  In  designing  a  bottom  course  of  this  kind,  care  must  be  taken  to 
have  accurate  data  as  to  the  average  size  of  stone  available.  If  the 
demands  of  a  foundation  were  fully  satisfied  by  a  5-in.  subbase  course,  it 
might  still  be  more  economical  to  use  a  7-in.  course  if  the  stone  averaged 
7  in.,  because  the  extra  work  of  sorting  and  sledging  to  a  5-in.  size 
would  result  in  a  higher  cost  per  square  yard  than  for  a  7-in.  depth. 

The  amount  of  stone  and  filler  required  per  cubic  yard  in  place  is 
approximately  as  follows: 


Loose  depth, 
inches 

Rolled  depth, 
inches 

6 
10 
15 

6 

8 
12 

This  type  of  base  requires  approximately  }i  cu.  yd.  of  gravel  or  ^^- 
in.  stone  for  filler  per  cubic  yard  finished  subbase  course. 

Under  favorable  conditions  this  subbase  can  be  constructed  for 
$1.80  to  $3  per  cubic  yard  (1922  cost  conditions). 

Pit  Gravel  or  Creek  Gravel  Subbase. — Stony  gravel  is  a  satisfactory 
material  for  subbase;  it  can  be  readily  constructed  for  any  depth  from  2 
to  24  in.  as  required,  and  where  a  pit  or  creek  bar  is  near,  the  cost  of  such 
a  course  should  run  from  $1.50  to  $2.50  per  cubic  yard. 

The  ratio  of  loose  to  consolidated  gravel  for  such  a  course  is  approxi- 
mately 1.2. 

5.  Field  Stone  Subbase  Bottom  Course. — Subbase  bottom  course 
is  essentially  the  same  construction  as  subbase,  except  that,  as  the  top 

.    rTop  Course  y 

Sub-Base  Boffom  Course 
Fig.  66. — Boulder  .subbase  bottom  cour.se. 

course  is  placed  directly  upon  it,  the  stone  must  be  more  carefully 
assorted  as  to  size,  more  carefully  placed  as  to  line  and  grade,  and  abetter 
grade  of  filler  must  be  used. 

Crushed  stone  (crusher  run)  or  coarse  gravel  make  a  satisfactory 
filler. 

The  course  can  be  of  any  depth  from  5  in.  up,  depending,  as  for  sub- 
base,  on  the  soil  and  average  size  of  stone;  it  is  practically  impossible 
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to  make  a  large  stone  bottom  of  this  kind  conform  exactly  to  line  and 
grade;  a  variation  of  1  in.  either  above  or  below  grade  is  usually  allowed 
and  the  inequalities  taken  out  with  the  top  stone;  this  requires  that  the 
top  course  must  be  at  least  3  in.  to  4  in,  deep  after  rolling. 

Subbase  bottom  is  especially  apphcable  for  long  stretches  of  road, 
requiring  a  depth  of  9  to  20  in. ;  depths  of  over  9  in.  must  be  constructed 
in  successive  layers.  It  usually  costs  from  $2  to  $4  per  cubic  yard 
in  place  where  fence  stone  is  available,  and  by  its  use  the  item  of  higher 
priced  bottom  stone  is  reduced.  However,  on  a  hard  foundation  soils  it  is 
generally  better  to  use  4  to  5  in.  of  ordinary  broken  stone  bottom  course 
instead  of  the  subbase  bottom  course  even  if  more  expensive,  because 
the  small  stone  construction  is  more  uniform  in  its  resistance  to  heavy 
loads  and  the  top  course  will  wear  more  evenly  and  longer. 

An  extract  from  the  1920  New  York  State  Specifications  is  given 
below : 

SUBBASE  BOTTOM  COURSE 

When  field  or  quarry  stone  is  used  for  eonstrueting  the  foundation  course  it  shall  be  of  a 
hard,  sound  and  durable  quality,  acceptable  to  the  engineer;  the  stone  shall  be  placed  by 
hand  so  as  to  bring  tliem  in  as  close  contact  as  possible.  All  stone  must  be  rehandled  in 
placing.  Dumping  from  wagons  and  leveling  off  the  piles  will  not  be  permitted.  When 
quarry  stones  arc  used  they  shall  be  placed  on  edge.  The  depth  of  single  stone  shall  in  no 
ease  be  greater  than  the  depth  specified  for  the  course,  the  width  shall  not  be  greater  than 
the  depth,  nor  more  than  9  in.,  and  the  length  shall  not  be  greater  than  one  and  one-half 
times  the  depth,  nor  more  than  12  in.  The  distribution  of  the  stone  shall  be  of  a  uniformity 
satisfactory  to  the  engineer.  The  long  dimension  shall  always  be  placed  crosswise  the 
road.  After  laying,  this  course  shall  be  thoroughly  rolled  with  an  approved  roller  weighing 
not  less  than  10  tons,  and  shall  then  be  filled  with  stone  or  coarse  gravel  as  directed  and 
again  rolled  until  the  stones  are  bound  together  and  thoroughly  compacted;  but  no  gravel 
shall  be  used  for  filling  except  under  written  permission  of  the  engineer.  All  holes  or 
depressions  found  in  rolling  shall  be  filled  with  material  of  the  same  quality  and  the  surface 
shall  be  rerolled  until  it  conforms  to  the  lines  and  grades  shown  on  the  plans.  When 
field  stone  is  used  approved  tailings  may  be  used  for  filling.  In  all  cases  a  sufficient  amount 
of  fine  material  shall  be  used  to  fill  all  voids.  In  limited  areas  where  the  use  of  a  roller  is 
impracticable  heavy  tampers  may  be  used  to  consolidate  the  material. 

6.  Pit  Gravel  Bottom  or  Subbase  Bottom. — A  stony  gravel  contain- 
ing not  over  15  per  cent  of  loam  makes  a  satisfactory  course;  the  depths 
vary  from  4  to  18  in,;  pit  or  creek  gravel  even  when  unusually  coarse  has 
from  40  to  60  per  cent  of  fine  material;  a  suitable  gravel  for  pit  run  bottom 
should  not  contain  more  fine  material  passing  a  J^-in.  screen  than  coarse 
material  retained  on  a  M-in.  screen.  If  there  is  a  large  excess  of  fine 
the  gravel  should  be  screened  and  remixed  at  the  bin  in  proper 
proportions. 

The  great  difficulty  in  this  construction  is  to  get  proper  consolidation 
without  too  much  delay.  It  is  advisable  to  lay  a  course  of  this  kind  at 
least  two  weeks  ahead  of  the  top  stone  in  order  to  give  traffic  and  rains 
a  chance  to  help  consolidate  the  course.     The  addition  of  10  per  cent  of 


DETAILS  OF  DESIGN  AND  CONSTRUCTION 


197 


loam  to  clean  gravel  will  quicken  the  consolidation.  This  can  be  done 
either  at  the  pit  by  leaving  a  thin  layer  of  loam  when  stripping  which  runs 
down  with  the  gravel  in  loading  or  by  placing  from  }^  to  1  in,  of  loam  on 
top  of  the  gravel  as  spread  on  the  road.  The  author  has  succeeded  in 
getting  rapid  consolidation  by  snatching  loaded  teams  over  the  loose 
course  with  the  road  roller;  the  roller  continually  smooths  out  the  gravel 
and  eases  the  haul  for  the  teams;  the  horses'  hoofs  and  wagon  wheels 
punch  into  the  gravel  and  pack  it  down  rapidly.  Sprinkling  helps.  A 
gravel  bottom  consolidates  unevenly  and  it  is  always  necessary  to  reshape 
it  somewhat  after  consolidation;  about  $0.05  per  cubic  yard  should  be 
allowed  for  this  reshaping  of  crown  and  elimination  of  humps  and  hollows. 
A  properly  consolidated  gravel  bottom  will  permit  a  4-ton  load  on  33'^-in. 
tires  passing  over  it  without  making  a  wheel  mark  over  }-8  in.  deep;  this 
is  a  simple  available  construction  test.     We  have  gone  into  some  detail 
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Fig.   67. — Excellent  type  of  construction  for  local  farm  road.      Boulder  base  filled  with 
gravel  and  surfaced  with  macadam. 

covering  this  construction  as  it  is  the  most  economical  type  of  bottom  in 
a  large  number  of  cases  but  is  not  generally  favored  because  it  is  harder  to 
consolidate  than  the  other  types  of  bottom.  With  a  3-in.  or  preferably 
a  4-in.  macadam  top  it  has  proved  perfectly  satisfactory  on  Class  III  and 
IV  traffic  roads. 

The  cost  of  a  gravel  bottom  ranges  from  SI. 20  to  $2.20  per  cubic  yard 
in  place  provided  the  hauls  are  short. 

The  depths  of  gravel  is  gaged  by  blocks  or  lines  and  the  ratio  of 
loose  to  rolled  depth  is  approximately  1.20. 

7.  Telford  Base. — Telford  base  is  rapidly  going  out  of  use  in  the 
United  States  because  of  the  difficulty  of  maintaining  a  top  course  laid 
upon  it.     It  seems  to  be  too  rigid  and  is  more  expensive  than  subbase 
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or  subbase  bottom  course,  costing  about  $3  to  S5  per  cubic  yard  under 
favorable  conditions. 

A  good  description  of  a  telford  construction  is  given  by  William 
Pierson  Judson  in  ''Roads  and  Pavements."  The  following  quotation 
is  an  extract  from  his  book: 

On  this  subgrade  are  then  placed  by  hand  the  stones  forming  the  telford  foundation, 
which  may  vary  in  size  as  shown  below;  each  stone  must  be  set  vertically  upon  its  broadest 
edge,  lengthwise  across  the  road  and  forming  courses  and  breaking  joints  with  the  next 
course,  so  as  to  form  a  close  and  firm  pavement.  The  stones  are  then  bound  by  inserting 
and  driving  stones  of  proper  size  and  shape  to  wedge  the  stones  in  their  proper  position. 
All  projecting  points  are  then  broken  with  a  sledge  or  hammer  so  that  no  projections  shall 
be  within  4  in.  of  the  finished  grade  line. 

The  telford  foundation  is  then  rolled  with  a  steam  roller  of  ten  or  more  tons  weight,  until 
all  stones  are  firmly  bedded  and  none  move  under  the  roller.  AH  depressions  are  then  filled 
with  stone  chips  not  larger  than  23-2  in.,  and  the  whole  left  true  and  even  and  4  in.  below  the 
line  of  finished  grade  and  cross-section. 

A  good  workman  will  average  about  20  min.  in  setting  a  square  yard  of  this  telford 
foundation,  which  may  be  formed  of  any  kind  or  quarried  rock  which  is  most  available. 

The  practice  in  1901  in  the  states  named  is  here  shown. 

Sizes  of  Stone  for  Telford  Foundation,  in  Inches 


Depth  as  set 
on  edge 

Width  as  set 

Length  set 
across  road 

Remarks 

State 

Maxi- 
mum 

Mini- 
mum 

Maxi- 
mum 

Mini- 
mum 

Maxi- 
mum 

Mini- 
mum 

New  Jersey 

Mass 

Connecticut 

New  York 

8 
6 

8 
8 

8 
5 
8 
6 

4 
10 
10 
10 

4 
6 
4 

10 
15 
18 
15 

6 

8 
6 

Alternate  end  stones, 

double  length. 
2-in.  gravel  rolled  on 

subgrade  as  base. 
Macadam      covering 

formed  in  one  layer. 
Used  only  on  unstable 

ground  as  foundation 

for  macadam. 

TELFORD   COURSE— SPECIFICATIONS    (STATE  OF  CONNECTICUT) 

95.  Description. — This  base  course  shall  consist  of  a  foundation  for  the  surface  course 
or  pavement,  eight  (8)  inches  in  depth  unless  otherwise  specified,  constructed  on  the  pre- 
pared subgrade,  of  large  stones  wedged  in  place  by  the  addition  of  smaller  ones,  in  accor- 
dance with  these  specifications. 

96.  Materials. — The  materials  for  this  work  shall  consist  of  approved,  sound,  tough, 
durable  stones,  free  from  clay,  loam  or  other  foreign  substances.  The  pieces  shall  be 
approximately  rectangular  in  section  having  a  depth  of  eight  (S)  inches  after  napping,  a 
width  of  from  six  (6)  to  ten  (10)  inches  and  a  length  of  from  eight  (8)  to  eighteen  (18) 
inches.  The  small  stone  for  filling  the  voids  in  the  large  material  shall  consist  of  material 
at  least  equal  in  quality  to  that  of  the  large  stone. 
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97.  Construction  Methods. — The  tclford  stone  shall  be  laid  iu  courses,  by  hand,  with 
the  broad  edge  down  and  with  the  long  dimension  at  right  angles  to  the  center  line  of  the 
roadway.  They  shall  be  laid  perpendicular  to  the  finished  surface  in  close  contact,  breaking 
joints,  and  shall  be  wedged  in  their  correct  position  by  inserting  and  driving,  in  all  places 
where  practicable,  small  stone  of  suitable  size.  All  projecting  points  shall  be  napped  off 
and  the  remaining  voids  filled  with  small  stones,  so  that  the  finished  surface  shall  be  true  and 
uniform.  This  base  course  shall  be  rolled  with  a  three  (3)  wheel  power  roller,  weighing  not 
less  than  ten  (10)  tons,  until  compacted  satisfactorily  and  true  to  the  grades  and  cross- 
sections  given.  The  filling  and  rolling  shall  follow  the  laying  of  the  large  stone  closely. 
This  course  shall  not  be  constructed  more  than  one  thousand  (1,000)  linear  feet  in  advance 
of  the  surface  course  or  pavement,  unless  otherwise  permitted  by  the  Engineer. 

If,  at  any  time,  the  subgrade  material  should  become  churned  up  or  mixed  with  the 
telford  stone,  the  Contractor  shall,  without  additional  compensation,  remove  the  mixture, 
reshape  and  compact  the  subgrade  and  replace  the  materials  removed  with  clean  telford 
stone,  which  shall  be  rolled  and  filled  until  compacted  satisfactorily  and  uniform  with  the 
surrounding  surface. 

98.  Basis  of  Payment.— This  work  shall  be  paid  for  at  the  contract  unit  price  per  square 
yard  for  "8-in.  Telford  Base  Course"  complete  in  place  , which  price  will  include  all  mate- 
rials, equipment,  tools,  labor  and  work  incidental  thereto. 

Distribution  of  Stone  in  Foundations. — On  light  travelled  single  track 
roads  most  of  the  traffic  normally  keeps  to  the  middle  10  to  12  ft.  It 
would  therefore  appear  logical  to  make  the  central  portion  of  the  road 
thicker  than  the  sides.     This  applies  without  doubt  to  roads  of  moderate 


Fig.  68. — Shallow  ruts  along  edge  of  Class  I  traffic  macadam  road. 

traffic  where  the  vehicles  generally  travel  in  the  center  of  the  macadam 
and  only  occasionally  turn  out  to  pass  but,  for  heavy  traffic  double 
track  roads  the  idea  is  wrong  (see  also  page  75).  On  such  roads  the 
greatest  wear  and  heaviest  wheel  load  occur  about  1  ft.  from  the  edge  of 
the  hard  pavement  and  many  of  these  roads  develop  the  shape  shown  in 


Fig.  69. — Mushroom  type  of  foundation  Class  IV  traffic  roads. 

Fig.  68.  It  therefore  seems  advisable  to  keep  the  full  depth  of  metalling 
for  the  full  width  on  Class  I,  II  and  III  traffic  roads. 

For  Class  IV  traffic  the  varying  thickness  indicated  in  Fig.  69  is 
applicable. 

Special  Foundation  Problems. — Long  stretches  of  comparatively 
level  ledge  rock,  muck  and  vegetable  loam  may  be  placed  under  this 
head. 

Where  a  road  is  on  the  surface  of  ledge  rock  for  any  distance,  the 
usual  cross-section  of  part  cut  and  part  fill  cannot  be  used  because  of  the 
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high  cost  of  shallow  rock  excavation  for  ditches;  the  grade  should  be 
lifted  to  make  the  normal  section  fill  and  the  best  available  material 
(not  clay)  used  in  its  construction.  Where  conditions  of  this  kind  prevail, 
dirt  is  usually  hard  to  obtain  and  often  a  stone  fill  is  cheaper  and  also 
more  satisfactory. 

The  construction  shown  (Fig.  70)  was  used  for  a  stretch  of 
2Y2  miles  on  "the  Leroy-Caledonia  State  Highway  in  New  York, 
where  ledge  rock  was  encountered  as  described. 


Screened  Oravelor 

3roken5tone 


,,  Crusher  Run  akove\ 
.■Best  Available 

Material.not 
gay 


"'"- Method  "a" 


Gravel  Broken 
Stone,  Fence  or 
Quarry  Stone  Fill.  / 

\  'Method  "B" 


Fill  can  be  made  of  fence  stone,  gravel,  quarry  spalls,  stone  chips,  or  run  of  crusher  stone 
over  J4  in.  in  size. 

Method  A. — Boulders  up  to  2  cu.  ft.  can  be  used,  placing  the  largest  in  the  bottom  of  the 
fill:  the  top  layer  must  be  fairly  uniform  and  not  over  8  in.  in  size  andjmust  be  roughly  placed 
by  hand  to  reduce  the  voids  as  much  as  possible,  provided  this  layer  of  large  stone  is  within  4 
in.  of  the  bottom  of  the  top  course.  The  top  8  in.  to  be  filled  with  stone  chips  or  gravel  and 
a  cushion  of  at  least  2  in.  of  screened  gravel,  stone  chips  or  crushed  run  of  broken  stonejover  '^,\ 
in.  size  to  be  placed  on  top  to  bring  the  fill  to  the  correct  grade  and  crown  for  the  top  course. 

Method  15. — Same  material  and  manipulation  as  Method  A,  expect  that  provided  the  top 
of  the  boulder  fill  is  more  than  4  in.  from  the  bottom  of  the  top  course  the  top  layer  of  the 
boulder  fill  need  not  be  placed  by  hand  (see  sketch.  Method  B). 


Fig.  70. — Special  foundation  where  road  is  subjected  to  flood  water  ponding  in  spring  of 

year. 


The  price  for  the  stone  fill  was  $1.23  (1910)  per  cubic  yard  in  place 
constructed  as  shown;  the  road  was  built  in  1910  and  has  given  satis- 
faction; the  minimum  thickness  of  top  for  such  a  fill  is  3  to  4  in.  as  it  is 
impossible  to  construct  it  exactly  to  line  and  grade;  it  was  found  that  by 
allowing  a  variation  of  1  in.  either  above  or  below  the  grade  elevation,  the 


Swamp 


Old  Corduroy  '■ 


Black  Muck 


Fig.  71. — Special  foundation  over  old  corduroy  road  through  swamp. 

fill  could  be  readily  constructed,  and  these  small  inequalities  were  taken 
out  with  the  top  stone.  A  top  course  having  such  a  variable  thickness 
should  be  paid  for  by  weight  and  not  by  volume  in  place. 

Peat,  Muck,  Vegetable  Loam  or  Silt. — Where  the  material  is  semi- 
fluid, the  only  solution  is  a  pile  and  grillage  foundation. 

Swamps,  as  ordinarily  encountered,  can  be  treated  successfully  by 
using  a  corduroy  or  mattress  foundation  covered  with  a  deep  fill  of 
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gravel  or  large  stone.  In  some  cases  where  the  muck  is  comparatively 
stiff,  a  gravel  or  boulder  fill  alone  will  give  a  satisfactory  foundation. 

Where  swamps  are  crossed  by  improved  roads,  the  location  usually 
follows  the  old  road  which  has  often  been  corduroyed  in  the  past;  in 
such  cases  the  old  foundation  should  not  be  disturbed;  a  sufficient  addi- 
tional depth  of  stone  can  be  added  to  keep  the  shape  of  the  section  intact. 

As  an  example,  the  Scottsville-Mumford  New  York  State  improve- 
ment crossed  a  1,000-ft.  stretch  of  muck  on  the  old  road  location;  it  was 
found  that  the  original  cedar  corduroy  was  in  good  shape;  an  18-in.  depth 
of  large  boulders  was  placed  on  the  old  foundation  and  surfaced  with 
6  in.  of  broken  stone  macadam.  This  stretch  of  road  has  kept  its  shape 
and  has  not  settled,  it  affords  a  good  example  of  the  fact  that  in  many 
special  cases  the  depth  of  the  stone  is  determined  by  trial;  the  boulders 
were  put  on  in  successive  layers  of  6  in.  each  until  there  was  no  material 
movement  under  the  roller  and  then  surfaced  with  the  broken  stone 
macadam.  Under  a  heavy  load  the  whole  roadbed  will  vibrate  for  100  ft., 
but  the  shape  remains  intact  (see  Fig.  71). 

Economical  Foundation  Design  Macadam  Roads. — The  economical 
design  of  foundation  courses  may  be  summarized  as  follows : 

For  moderate  traffic  use  pit  run  coarse  gravel  if  available  varying 
the  depth  to  suit  the  soil.  If  gravel  is  not  available  use  a  macadam  bot- 
tom for  ordinary  soils  and  field  stone  subbase  or  subbase  bottom  for  bad 
foundations.  The  economy  in  the  design  of  macadam  roads  is  greatly 
increased  by  utilizing  local  material,  preferably  uncrushed,  to  its  fullest 
extent.  If  the  supply  of  local  material  is  limited  it  should  be  used  for 
as  much  as  the  road  as  possible  and  advantage  should  be  taken  of  the 
different  local  supplies  by  changing  the  design  to  allow  their  use  with 
short  hauls. 

Uniform  designs  which  disregard  limited  amounts  of  local  materials 
often  raise  the  cost  from  $1,000  to  $2,000  per  mile. 

Conclusions. — In  the  design  of  a  road,  the  amount  of  material  required 
for  the  foundation  courses  can  only  be  approximated.  This  is  the  only 
item  in  the  preliminary  estimate  that  cannot  be  figured  within  definite 
limits.  It  can  be  closely  estimated  if  careful  data  on  the  soils  is  obtained 
from  local  people  and  from  the  preliminary  survey  but  some  leeway  must 
be  given  the  constructing  engineer  so  that  he  may  vary  the  estimated 
depths  to  meet  the  construction  conditions  and  build  a  consistent  road. 
It  will  be  noted  that  the  depths  recommended  in  Chap.  II  are  greater 
than  those  shown  in  most  of  the  state  sections  throughout  the  book. 
This  increase  in  depth  is  based  on  the  observed  action  of  traffic  on  the 
older  macadam  roads,  which  unless  recapped  with  from  3  to  6  in.  of 
additional  stone  are  failing  under  heavy  modern  traffic.  A  macadam 
foundation  is  more  suitable  in  northern  climates  for  nine-tenths  of  the 
roads  than  a  rigid  pavement  because  it  is  flexible  under  frost  action  and 
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with  sufficient  depth  will  hold  the  heaviest  loads,  but  practice  in  macadam 
design  and  maintenance  has  heretofore  lagged  behind  the  traffic  require- 
ments in  the  matter  of  depth  while  rigid  pavement  strength  is  well  abreast 
of  the  times.  The  author  has  been  amused  at  the  recent  comparisons 
of  the  effect  of  Army  truck  traffic  across  New  York  State  on  rigid  and 
macadam  roads.  A  considerable  mileage  of  old  thin  macadam  roads 
failed  in  spots  but  where  a  reasonable  depth  of  macadam  prevailed  no 
foundation  failures  occurred.  A  blare  of  trumpets  hailed  the  failure  of 
the  old  cheap  inadequately  maintained  macadams  and  great  stress  was  laid 
on  the  fact  that  the  rigid  types  held.  This  is  mentioned  to  illustrate  a 
phase  of  the  present  campaign  for  rigid  types  which  the  author  considers 
unwarranted  and  dangerous  from  the  standpoint  of  reasonable  road 
design  as  it  tends  to  discredit  macadam  construction.  While  we  do  not 
advocate  macadam  on  Class  I  roads  its  use  on  Classes  II,  III  and  IV 
should  be  encouraged.     (For  traffic  classification,  see  page  38.) 

Macadam  foundation  failures  are  due  to  insufficient  depth,  insufficient 
consolidation  during  construction  and  poor  grade  filler.  The  matter  of 
filler  is  very  important;  coarse  sand,  pea  gravel;  or  stone  screenings  are 
preferable  for  crushed  stone  bottom  courses  and  earth  or-  loam  that  softens 
when  wet  should  never  be  allowed.  Filler  should  be  a  separate  item  sepa- 
rately paid  for.  The  filler  for  boulder  or  telford  base  should  be  hard 
coarse  gravel,  /s-in.  crushed  stone  or  stone  chips. 

Macadam  foundation  failures  are  due  to  the  same  cause  as  concrete 
failures  or  brick  failures  or  ?a\y  other  failure — ignorance  and  carelessness. 
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MACADAM   SURFACE   COURSES 

Waterbound  Macadam  Pavements. — Waterbound  macadam  surface 
courses  are  constructed  of  crushed  fragments  of  suitable  rock  filled  with 
rock  dust  and  sprinkled  and  rolled  until  firm  and  hard.  All  types  of 
gravel,  boulder  and  stone  bases  are  used  as  described  in  the  first  part  of 
this  chapter.     Standard  Specifications  are  given  on  page  212. 

Waterbound  macadam  pavements  are  satisfactory  and  economical 
under  light  traffic  up  to  about  800  vehicles  daily  provided  they  are  syste- 
matically maintained  and  surface  ravelling  prevented  by  means  of 
applications  of  calcium  chloride  or  light  bituminous  surface  treatments. 
They  have  been  used  successfully  under  quite  heavy  traffic,  2,000  to 
3,000  daily,  but  for  a  volume  of  over  500  to  800  daily  the  maintenance 
difficulties  generally  result  in  the  selection  of  a  bituminous  macadam 


Fig.  72. — Ten-ft.  width  local  stone  macadam  serving  agricultural  Class  IV  very 
satisfactorily.  Note  shallow  ditch  which  adds  to  safety  of  traffic.  Crushed  stone  obtained 
by  crushing  mixed  fence  stone  boulders,  granite  gneiss  and  hard  sandstone.  Simple 
maintenance  consisting  of  rolling  in  the  spring  with  repair  of  holes,  addition  of  some  screen- 
ings and  calcium  chloride  or  light  oiling. 


penetration  type.  The  essential  advantage  of  the  waterbound  type  lies 
in  low  first  cost,  simplicity  of  construction,  ease  of  repair  and  safe  and 
easy  riding  qualities  if  well  constructed  and  maintained.  Under  normal 
agricultural  district  traffic  of  less  than  500  vehicles  daily,  the  final  cost  of 
this  type  of  pavement  including  yearly  maintenance  and  renewal  is 
distinctly  lower  than  higher  types  of  surface.     When  well  designed  and 
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constructed  of  adequate  thickness  (see  pages  94  to  102)  they  can  be 
used    effectively    as    a    base    for    higher    type    surfaces.     Waterbound 


Fig.  73. — Limerttoiu'  wuterljouud  iuac;idani  serviiifj;  ( 'hi.ss  II  trafiic  uii  priiiuiry  state 
system.  This  road  served  very  well  for  about  10  yeans  when  it  was  recapped  with  Topeka 
mix  to  reduce  maintenance  cost.  Maintenance  consisted  of  repair  of  holes  with  cold  patch 
and  systematic  light  oiling. 


Fig.  74. — Crushed  acid  slag  macadam  used  as  temporary  impro\-cnient  in  outskirts 
of  city  to  promote  real  estate  development.  Will  eventually  be  resurfaced  with  some 
higher  type  of  surface  utilizing  macadam  for  base  course.     Serves  this  purpose  very  well. 

macadam  is  a  very  satisfactory  type  for  local  town  or  county  roads  and 
for  Class  III  traffic  on  primary  state  systems. 
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Waterboiind  macadams  including  base  and  top  range  in  initial  con- 
struction cost  from  $1.50  to  $3  ($1.90  average)  per  square  yard  depend- 
ing on  character  of  foundation  soil,  traffic  and  local  material  supply;  the 


Fig.  75. — Applying  granulated  calcium  chloride  by  means  of  agricultural  drill.  About 
l}^^  lb.  per  square  yard  is  applied  for  the  first  application  and  about  1  lb.  per  square  yard 
for  succeeding  applications.  Two  to  three  applications  per  season  should  keep  a  new 
waterbound  road  in  shape  under  Class  III  traffic.  The  particular  value  of  calcium 
chloride  is  to  prevent  ravelling  the  first  season.  Oiling  is  generally  resorted  to  the  second 
season  after  the  road  has  been  well  compacted  by  traffic. 

maintenance  charge  will  range  from  $0.03  to  $0.10  per  square  yard 
depending  on  varying  conditions  and  the  renewal  charge  distributed  over 


Fig.  76. — Usual  method  of  applying  light  oil  treatment.  Half  of  the  road  is  generally 
oiled,  covered  and  allowed  to  stand  until  the  sticky  condition  disappears;  the  other  half  is 
then  oiled.  This  prevents  a  disagreeable  condition  of  the  entire  surface  for  traffic.  The 
amount  of  oil  used  varies  from  0.2  to  0.3  gal.  and  the  amount  of  sand  cover  from  20  to  30 
cu.  yd.  per  mile  of  16-ft.  road  although  it  may  run  as  high  as  50  where  unusual  conditions 
prevail. 


the  life  of  the  surface  will  probably  average  about  $0.05,  Class  IV  Traffic, 
to  $0.11  Class  II  Traffic  per  square  yard  per  year,  1922  cost  conditions. 
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Boulder  Base  laid  in  6  "fo8  "lajjerc  and  filled 

with  Coarse  Gravel  Crushed  Sfone  or  Slag;  y"u/ j.    /        ju      j       t 

Any  depth  necessar^fSee  Table  II  ChaplerZ)  •?  IValerbound  Macadam  Top 
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Fig.  77. — Recommended    waterbound    macadam    pavement    section    boulder    base    con- 
struction  Class  II  traffic. 


Boulder  Base  am/  required  depfh^  laid  in 
6  to  8  "lagers  HI  led  with  Coarse  Gravely 
Crushed  Stone  or  Slag 

SeeTable  Nail  Chapter?  ;^'  3-pAverage  Depth  Waterbound  Macadam  Top 
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spaced  30' 

Fig.  77^4.- — Recommended   waterbovmd    macadam  pavement  section   boulder  base   con- 
struction Class  III  or  IV  traffic. 


Coarse  Gravel  Sub-Base.  Anu  depth 
'  required  laid  and  compacred  in  6" 
or  less  lagers.  For  required  depths 
see  Table  Mo.  tT,  Chapter  2^. 


;  ■  J  Waterbound  Macadam  Top  Class  ?and 3 Traffic 
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Fig.   78.^ Recommended    waterbound    macadam    pavement    section    gravel    foundation 

Class  II  or  III  traffic. 


Coarse  Gravel  Sub-Base  ^ 

Ang  required  depth        Kj\  4"Waterbound  Macadam  Top  Course 
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_    Underdrain 
J '7     inWetSoils 
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Fig.  78.A. — Recommended   waterbound   macadam   pavement   section   gravel   foundation 

Class  IV  traffic. 
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A  surface  life  of  6  to  12  years  is  reasonable  for  this  type  under  a  traffic 
of  300  to  800  daily  (10-hour  count)  if  the  road  is  fairly  well  maintained 
although  there  are  a  considerable  number  of  cases  which  do  not  fall  within 
these  limits  (see  Chap.  IV). 

The  use  of  fairly  good  materials  is  {lesiral)le  l:)ut  the  high  standards 
required  for  heavy  traffic  roads  should  not  bo  applied  to  this  type  as 
needless  cost  is  to  be  avoided  under  light  traffic  conditions.  Materials, 
Details  of  Design  and  Inspection  Details  are  discussed  later. 

The  following  recommended  designs  can  be  used  with  assurance  of 
reasonably  good  results: 

Recommended  Designs. — The  accompanying  recommended  designs 
represent  conservative  practice:  a  large  mileage  of  thinner  pavements 
have  been  built  and  have  served  for  a  short  time  with  moderate  satis- 
faction :  as  a  matter  of  fact  no  well  constructed  macadam  road  having  a 
depth  of  at  least  80  per  cent  of  the  values  recommended  can  be  a  serious 
failure  as  it  can  be  easily  strengthened  in  the  future  by  the  addition 
of  stone  depth.  It  however  seems  undesirable  in  most  cases  to  resort 
to  resurfacing  in  too  short  a  period  and  for  this  reason  caution  should  be 
exercised  in  i-educing  the  depths  shown  in  districts  permitting  a  legal 
gross  vehicle  load  of  28,000  lb.     (See  Figs.  77  and  78,  page  206.) 

SUITABLE  MATERIALS 

Surface  Course  Coarse  Aggregate. — Any  tough,  hard  crushed  stone 
which  breaks  in  roughly  cubical  form  and  does  not  air  or  water  slack  is 
suitable  for  coarse  aggregate.  Limestone,  granite,  gneiss,  trap  and  hard 
sandstones  are  generally  satisfactory.  For  Class  III  traffic  (300  to  800 
dailjO  it  is  desirable  to  use  a  stone  having  a  French  coefficient  of  hardness 
of  7  or  better  (6  per  cent  of  wear  or  less)  see  Appendix  A  for  tests.  Stone 
as  soft  as  4  French  coefficient  has  been  used  with  moderate  success  but 
where  a  soft  stone  is  necessary  on  account  of  prohibitive  cost  of  a  better 
grade,  the  size  should  be  increased.  The  usual  size  of  coarse  aggregate 
for  top  course  is  Iji  to  2}4  in.;  for  soft  stone  the  size  should  be  2}^  to 
33^^  in.  using  the  smaller  grades  for  the  foundation  course.  For  purely 
local  roads  carrying  less  than  300  vehicles  daily,  practically  any  available 
local  stone  which  does  not  air  or  water  slack  can  be  used.  Crushed  slag 
is  suitable  under  light  traffic.  Crushed  slag  is  not  advocated  for  top 
course  on  the  heavier  traffic  roads.  Crushed  slag  should  weigh  at  least 
1,800  lb.  per  cubic  yard  loose  measure  and  show  a  per  cent  of  wear  not 
exceeding  12  by  the  standard  slag  abrasion  test. 

Surface  Course  Binder. — Limestone  screenings  make  the  best  filler 
as  the}'  have  considerable  cementing  quality  and  bond  the  stone  well. 
Where  the  coarse  aggregate  is  trap,  granite  or  sandstone,  it  is  difficult  to 
get  a  good  puddle  and  on  the  more  important  roads  at  least  50  per  cent  of 
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limestone  dust  is  mixed  with  the  other  screenings.  Surface  oiling  tends 
to  minimize  the  necessity  for  limestone  screenings  but  the  author  prefers 
at  least  50  per  cent  limestone  dust  on  waterbound  macadam  roads  on 
primary  state  systems.  For  purely  local  agricultural  roads,  the  natural 
rock  screenings  are  used. 

Oiling. — There  are  a  number  of  satisfactory  light  asphaltic  oils  and 
refined  tars  on  the  market  which  serve  well  for  surface  applications.  The 
quality  of  these  bituminous  materials  is  discussed  under  "Maintenance," 
Chap.  IV.  Specifications  are  given  in  Chap.  IV.  Personally,  the  author 
prefers  a  good  cold  tar  product  to  asphaltic  oils  for  surface  application 
as  they  seem  to  have  better  penetration  and  to  harden  quicker.  They 
are  probably  a  little  more  slippery  and  perhaps  not  quite  as  durable  but 
on  the  whole,  I  believe  tar  to  be  superior  to  asphalt  for  surface  treatment 
of  waterbound  macadam  roads.  For  surface  oiling  of  penetration  bitu- 
minous macadam,  it  is  probably  best  to  use  asphaltic  oil  where  the 
pavement  binder  is  asphalt  and  to  use  the  cold  light  tar  where  the  pave- 
ment binder  is  a  heavy  tar. 

Macadam  Bottom  Courses,  Coarse  Aggregate. — For  crushed  stone 
bottom  courses,  any  stone  which  will  stand  the  necessary  rolling  to  com- 
pact and  which  does  not  water  slack  is  suitable.  Crushed  slag  weighing 
not  less  than  1,800  lb.  per  cubic  yard  loose  makes  an  excellent  material. 
No  maximum  per  cent  of  wear  is  recommended.  The  cheapest  available 
source  is  generally  used  but  it  is  necessary  to  decide  what  source  will  be 
used  and  set  the  maximum  per  cent  of  wear  for  any  specific  contract  to 
prevent  argument  and  the  use  of  needlessly  inferior  material.  The  size 
usually  specified  is  2Y2  to  3}^  in.  but  this  is  merely  to  permit  the  use  of  the 
13^-  to  23'^-in.  size  for  top  and  a  perfectly  satisfactory  bottom  can  be 
constructed  of  well  mixed  stone  ranging  in  size  from  ^i  to  3}^  in.  pro- 
vided pockets  of  fine  and  coarse  stone  are  not  permitted.  Tailings  can  be 
used  if  knapped  to  the  proper  size. 

Macadam  Bottom  Filler. — Coarse  sand,  stone  or  slag  screenings 
make  the  best  filler;  sandy  loam  is  satisfactory  on  light  traffic  roads. 
Filler  is  very  important;  it  should  be  a  separate  item  separately  paid  for 
and  no  material  which  softens  when  wet  should  be  used  even  for  unimpor- 
tant roads.  A  considerable  number  of  macadam  failures  are  directly  traceable 
to  soft  filler. 

Boulder  Base  Coarse  Aggregate. — Any  ordinary  boulder  or  quarry 
stone  is  suitable  provided  it  is  not  rotten.  Large  boulders  must  be 
sledged  to  suitable  size.  Maximum  size  is  usually  placed  at  8  in.  for 
any  dimension  with  the  depth  thickness  not  greater  than  the  finished 
depth  of  the  course  (see  specifications,  page  196). 

Boulder  Base  Filler. — Crushed  stone  or  slag  or  coarse  hard  gravel 
containing  not  over  15  per  cent  of  loam  are  satisfactory.  Fine  sand  or 
loam  should  never  be  used. 
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Gravel  Bottom  and  Subbase. — A  coarse  hard  gravel  containing  not 
over  15  per  cent  of  loam  and  having  a  grading  in  size  of  at  least  50  per 
cent  retained  on  a  ,^4-in.  mesh  screen  makes  an  excellent  base.  If  the 
pit  run  is  non-uniform  and  excessively  fine,  it  should  be  screened  and 
remixed  in  the  proper  proportions  of  fine  and  coarse. 

Amounts  of  Material  Required  per  Cubic  Yard  of  Consolidated 
Macadam. — Top  Course  requires  approximately  1.3  cu.  yd.  loose  measure 
crushed  stone  (I}!-  to  2i2-in.  size)  and  approximately  0.5  cu.  yd.  stone 
screenings  for  binder  and  wearing  course.  The  weight  of  this  material 
will  vary  according  to  the  kind  of  stone  used.  Commercial  plants  will 
furnish  data  of  loose  measure  weights  of  their  standard  sizes.  The 
following  table  gives  a  fairly  close  means  of  estimating  weight. 

Weights  of  Materials^ 


Specific  gravity 

Broken  stone,  pou 

nds  per  cubic  yard 

Kind 

Loose  spread 
45  per  cent  voids 

Compacted 
30  per  cent  voids 

Tnip 

2.8 

'  2.9 

3.0 

3.1 

2,590 
2,680 
2,770 
2,870 

3,300 
3,420 
3,540 
3,650 

Granite 

2.6 

2.7 
2.8 

2,400 
2,500 
2,590 

3,060 
3,180 
3,300 

Limestone 

2.6 

2.7 
2.8 

2,400 
2,500 
2,590 

3,060 
3,180 
3,300 

Sandstone 

2.4 
2.5 

2.6 
2.7 

2,220 
2,310 
2,400 
2,500 

2,830 
2,940 
3,060 
3,180 

Asphalt  Association  Pocket  Reference. 


In  Western  New  York  for  limestone  having  a  specific  gravity  of 
approximately  2.7  (170  lb.  per  cubic  foot),  the  total  weight  of  stone  and 
screenings  per  cubic  yard  of  finished  waterbound  macadam  top  course 
including  the  wearing  course  is  close  to  4,400  lb.  Fifty  to  eighty  gallons 
of  water  are  required  to  puddle  a  cubic  yard  of  top  course. 

14 
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Macadam  bottom  course  requires  approximately  1.3  cu.  yd.  loose 
measure  of  crushed  stone,  slag  or  screened  gravel  ranging  in  size  from  2}-^ 
to  d}-2  in.  and  approximately  0.35  cu.  yd.  of  sand  or  stone  screening  filler. 
Where  the  bottom  is  constructed  of  mixed  sizes  from  l^^  to  S,^  in.,  it 
requires  approximately  1.25  cu.  yd.  loose  per  consolidated  yard  of 
finished  macadam. 

Pit  run  gravel  suhbase  requires  approximately  1.2  cu.  yd.  loose  measure 
per  consolidated  cubic  yard. 

Field  stone  boulder  subbase  requires  1  cu.  yd.  of  boulders  per  cubic  yard 
of  finished  course  where  only  one  layer  of  uniform  sized  boulders  is  used. 
Such  a  base  requires  0.5  cu.  yd.  of  gravel  or  crushed  stone  filler.  Where 
the  depth  of  the  base  is  greater  than  the  average  size  boulder,  approxi- 
mately 1.25  cu.  yd.  of  boulders  are  required  per  cubic  yard  of  finished  base 
with  from  0.3  to  0.4  cu.  yd.  of  gravel  or  crushed  stone  filler. 

Design. — The  design  of  macadam  pavements  considers  the  proper  use 
of  local  materials,  the  depth  required  on  different  soils,  width,  crown,  etc. 
Chap.  II  developed  the  detail  theory  of  total  macadam  depth  under 
different  traffic  and  soil  conditions.  Table  17,  page  100,  gives  this  depth 
data.  Having  established  the  total  depths,  alternate  estimates  are 
made  on  the  basis  of  utilizing  gravel,  boulder  or  crushed  stone  base 
courses.  The  variations  in  depth  of  the  macadam  surface  on  these 
different  bases  were  developed  in  Chap.  II,  page  99.  The  most  econom- 
ical combination  is  adopted  (for  example,  see  Official  Report,  page  156). 
Where  boulder  and  gravel  are  both  available,  it  is  generally  better 
and  more  economical  to  use  boulder  base,  gravel  filled,  with  a  thinner 
macadam  surface  than  to  use  good  gravel  with  a  thicker  macadam  sur- 
face. While  it  is  desirable  to  keep  the  depth  of  top  course  to  a  minimum 
on  account  of  the  high  cost  of  this  part  of  the  pavement,  it  is  not  safe  to 
use  less  than  a  3  in.  consolidated  depth  on  account  of  the  tendency  to 
ravel  and  kick  out. 

Widths. — Widths  were  discussed  in  detail  in  the  first  book  of  the  series 
and  summarized  in  Chap.  II,  page  70.  Extra  widening  at  sharp  curves 
is  desirable  for  roads  carrying  over  300  vehicles  daily,  see  Tables  10  to 
lOB,  page  71.     On  light  traffic  local  roads,  this  is  a  useless  refinement. 

Crown.^A  circular  arc  crown  is  a  good  form.  For  the  narrow  single 
track  local  roads,  a  total  crown  of  ^^  to  ^i  in.  per  foot  of  half  width  is  a 
good  rule.  For  the  wider  roads  16  to  18  ft.  and  for  village  streets,  the 
crown  should  be  about  %  in.  per  foot  on  account  of  future  use  of  the  ma- 
cadam as  a  base  for  asphaltic  concrete  or  small  block  surfacings.  One 
way  banking  on  sharp  curves  is  desirable  for  rural  roads  carrying  over  300 
vehicles  daily  but  is  a  useless  refinement  on  light  traffic  local  roads. 

Amount  of  Superelevation. — A  mathematical  analysis  of  supereleva- 
tion is  not  very  satisfactory  as  there  are  too  many  variable  factors. 
Cars  take  easy  curves  at  higher  rates  of  speed  than  the  sharper  curves 
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which  fact  tends  to  equahze  the  bank  crown.  The  pavement  must  not 
be  tipped  enough  to  make  it  dangerous  for  slow-moving  vehicles.  The 
full  superelevation  is  carried  around  the  entire  curve  from  P.  C.  to  P.  T. 
and  reduced  to  the  normal  crown  at  points  from  100  to  200  ft.  along  the 
tangents  from  the  P.  C.  or  P.  T.  The  normal  grade  is  carried  around  the 
center  line  of  the  pavement  and  the  outer  edge  raised  and  inner  edge  low- 
ered to  produce  the  required  side  tilt  (see  Fig.  79).     It  is  sometimes  desir- 
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Fig.  79. — Banking  curves. 


able  to  hold  the  inside  at  normal  grade  and  bank  entirely  by  raising  the 
outside.  Each  case  looks  differently  in  the  field  and  the  method  should 
be  left  to  the  constructor. 

Current  practice  favors  the  following  one  way  crown  slopes  on 
curves  to  provide  reasonable  comfort  and  safety  for  vehicles  driven 
at  rational  speeds. 

TviBLE  OF  Crown  Slopes  on  Banked  Curves 


Radius  of  road  center 
line  in  feet 


Recommended  uniform 
crown  slope 


50-  200 
200-  500 
500-  800 
800- 1,000 


\\i  in.  to  1  ft. 


1 


in.  to  1  ft. 
M  in.  to  1  ft. 
y^  in.  to  1  ft. 


Note. — Curves  having  a  radius  over  1,000  ft.  are  not  banked  generally. 
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Specifications.- — The  following  specification  indicates  the  essentials 
of  current  practice  in  construction. 

WATERBOUND    MACADAM   TOP   COURSE   AND    SURFACE    OILING 

Item  48. — Top  Course — Waterbound  Macadam — Broken  Stone 
Item  48A. — Top  Course — Waterbound  Macadam — Broken  Slag 

48.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  the  bot- 
tom course,  broken  stone  or  broken  slag  to  form  the  top  course. 

48.2.^  The  top  course  shall,  except  as  noted  below,  consist  of  No.  3  broken 
Material,  stone  or  broken  slag  as  shown  on  the  plans  and  of  the  thickness  shown 
thereon,  together  with  the  binder  necessary  to  properly  fill  and  bind  the  course. 
The  binder  shall  consist  of  screenings  and  No.  1  stone  or  No.  1  slag  mixed. 

48.3.  All  binder  for  this  course  shall  be  delivered  and  placed  in  piles  alongside 
the  road  before  the  course  is  placed. 

The  required  thickness  of  top  course  shall  be  composed  of  No.  3  stone  or  slag 
and  spread  evenly  upon  the  bottom  course,  using  cubical  blocks  for  gaging,  to 
such  a  depth  as  to  insure  the  required  thickness  after  it  shall  have  been  thor- 
oughly rolled  and  compacted.  Care  shall  be  used  in  the  spreading  of  the  stone 
or  slag  that  no  irregularities  in  the  contour  shall  develop  in  the  rolling;  every  such 
irregularity  that  does  occur  the  Contractor  shall  remove  before  adding  the  smaller 
material.  The  rolling  shall  be  done  with  a  10-  to  12-ton  self-propelled  roller  of 
approved  pattern,  and  shall  be  co  ntinued  until  the  layer  of  stone  or  slag  does  not 
creep  or  wave  ahead  of  the  roller- 
After  the  stone  or  slag  has  been  compacted  to  the  satisfaction  of  the  Engineer, 
a  light  coating  of  binder  shall  be  spread  on  dry  by  shoveling  from  piles  previously 
placed  alongside  the  pavement,  and  immediately  swept  in  and  thoroughly  rolled. 
Care  must  be  taken  throughout  to  add  the  binder  only  in  light  applications  and  to 
thoroughly  sweep  each  application  in  order  that  the  maximum  amount  of  binder 
may  be  worked  in  to  fill  the  voids.  The  spreading,  sweeping  and  rolling  shall  be 
continued  until  no  more  binder  will  go  in  dry,  after  which  the  macadam  shall  be 
sprinkled  and  immediately  rolled.  Water  shall  not  be  used  so  long  as  it  is  possible 
to  introduce  more  dry  screenings  into  the  surface.  If  the  subgrade  should 
become  wet  to  such  an  extent  that  the  pavement  becomes  unstable  and  waves 
under  the  roller  it  is  an  indication  that  the  top  course  was  not  thoroughly  filled 
dry  and  the  roller  shall  be  taken  off  and  this  portion  left  to  dry  out  before  puddling 
is  resumed.  Small  V-shaped  surface  drains  shall  be  cut  through  the  shoulders  to 
accelerate  the  drying  out  of  macadam. 
[  More  screenings  shall  be  added  where  necessary,  and  the  sweeping,  sprinkling 

and  rolling  shall   continue  until  no  more  screenings  can  be  forced  into  the  voids. 
This  condition  will  be  apparent  when  a  wave  of  water  and  excess  screenings  shows 
in  front  of  the  roller  wheels.     After  the  wave  of  grout  has  been  produced  over  the 
whole  section  of  the  macadam  this  portion  shall  be  left  to  dry  out,  after  which  it 
shall  be  opened  to  traffic.     The  macadam  shall  be  repuddled  and  back-rolled 
on  succeeding  days  as  much  as  may  be  necessary  to  secure  satisfactory  results. 
The  macadam  shall  then  be  covered  with  a  wearing  carpet  of  screenings  at  least 
three-eighths  of  an  inch  thick.     After  the  road  has  been  opened  to  traffic  for  ten 
days,  or  as  the  Engineer  may  direct,  this  wearing  carpet  shall  be  again  spread 
by  sweeping  the  surplus  from  the  sides  to  the  center  of  the  pavement,  and  it 
shall  be  maintained  and  renewed  until  the  whole  road  is  accepted.     During  all 
the   working   hours   when  the  roller  is  not  used  for  rolling  the  fills,  subgrade, 
shoulders,  and  unfinished  courses  of  the  pavement,  it  shall  be  employed  in  back- 
rolling  the  earlier  portions  of  the  macadam. 
Measure-        48.4.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of  cubic 
ment  and  yards  of  compacted  material  in  place  in  the  completed  course.     The  amount  to  be 
payment,  estimated  shall  be  computed  by  multiplying  the  finished  cross-section  of  the  top 
course  as  shown  on  the  plans  or  ordered  by  the  Engineer,  by  the  length  of  the  top 
•  No.  1  size  passing  ^i  in.  screen;  No.  3  size  lli  to  2}^^  in. 
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course  measured  along  the  axis  of  the  pavement,  except  that  no  payment  will  be 
made  for  the  filling  of  any  depressions  developing  during  construction. 

The  price  bid  shall  cover  the  furnishing,  placing,  rolling,  filling  and  puddling 
of  the  material,  and  all  labor,  material  and  incidental  expenses,  necessary  to  com- 
plete the  work. 

No.  1  stone,  slag  or  gravel,  chips  or  screenings  remaining  loose  on  the  surface 
after  the  work  is  completed  or  an  excess  of  binder  compacted  on  top  of  the  stone 
shall  not  be  estimated  as  a  part  of  the  depth  of  the  top  course,  but  payment  there- 
fore shall  be  included  in  the  price  bid  for  this  item. 


SURFACE  TREATMENTS  WITH  BITUMINOUS  MATERIAL 


51.1.  Under  this  item  the  Contractor  shall  apply  bituminous  material  and  shall  apply 
broken  stone  or  gravel  of  specified  sizes  as  a  wearing  carpet  to  a  new  or  old  pavement  of 
macadam,  concrete,  or  any  other  substance  or  type,  as  shown  on  the  plans  or  ordered  by  the 
Engineer. 

51.2.  If  the  pavement  to  be  treated  is  a  newly  built  macadam  or  concrete,  after  it  shall 
have  become  thoroughly  dried  and  hardened,  it  shall  be  swept  clean  of  all  dust,  dirt  or  other 
loose  material;  if  ordered  by  the  Engineer,  the  sweeping  of  the  macadam  shall  be  continued 
until  the  voids  are  exposed  in  the  surface  to  a  satisfactory  depth,  not  exceeding  }-2  in.  The 
price  bid,  under  this  item,  shall  include  the  aforesaid  cleaning  of  the  pavements. 

If  the  pavement  to  be  treated  is  an  old  macadam  or  old  concrete,  the  cleaning  shall  be 
paid  for  under  item  "Cleaning  Old  Pavement." 

51.3.  After  the  pavement  shall  have  been  cleaned  to  the  satisfaction  of  the  Engineer, 
and  when  dry,  the  bituminous  material  shall  be  uniformly  sprayed  over  the  surface  by 
means  of  an  approved  pressure  distributor.  The  bituminous  material  for  hot  application 
shall  be  heated  to  a  temperature  between  250  and  350°F.  as  required,  and  when  tar  is 
used,  it  shall  be  heated  to  a  temperature  between  200  and  250°F.  as  required. 

The  amount  of  bituminous  material  to  be  used  in  any  one  application  shall  not  be  less 
than  one-sixth  nor  more  than  one-half  gallon  per  square  yard,  the  precise  quantity  depend- 
ing upon  the  character  of  the  pavement,  the  materials  and  the  local  conditions.  The 
Contractor  shall,  therefore,  be  subject  entirely  to  the  direction  of  the  Engineer  in  this 
respect. 

51.4.  The  bituminous  material  applied  as  above  specified  shall  then  be  immediately 
covered,  while  soft,  with  a  uniform  layer  of  approved  broken  stone  of  No.  2  or  No.  1  size, 
after  which  the  stone  shall  be  rolled  with  a  self-propelled  roller  of  approved  weight.  If 
ordered  by  the  Engineer  another  application  of  bituminous  material  shall  then  be  made  to 
be  followed  by  an  application  of  approved  No.  2  stone  or  approved  No.  1  stone,  and  again 

rolled  to  the  satisfaction  of  the  Engineer. 

The  quantity  of  No  2  stone  and  of  No.  1  stone  to  be  used  shall  be  sufficient  to  com- 
pletely cover  the  bituminous  material  and  shall  be  spread  in  two  or  more  thin  applications, 
the  roller  being  used  after  each  spreading.  The  total  amount  of  stone  to  be  used  after  each 
application  of  the  bituminous  material  being  that  which  will  become  imbedded  under  the 
pressure  of  the  roller.     The  final  application  of  the  stone  shall  be  of  No.  1  size. 

51.5.  Gravel,  which  has  been  tested  and  approved  for  u.se,  may  be  substituted  for  broken 
stone  if  screened  to  produce  particles  corresponding  with  No.  2  and  No.  1  sizes. 

51.6.  No  bituminous  material  for  surface  treatment  shall  be  placed  between  October 
15th  and  May  loth,  except  by  written  permission  of  the  Engineer,  nor  when  the  air  temper- 
ature on  the  work  is  below  50°  F.,  nor  when  the  pavement  is  damp  or  in  an  otherwise 
unsatisfactory  condition. 

51.7.  Under  this  item  the  Contractor  shall  be  paid  for  the  number  of  gallons  of  bitu- 
minous material  furnished  in  and  incorporated  in  the  work  in  accordance  with  these 
specifications  and  the  orders  of  the  Engineer.  Bituminous  material,  that  has  been  wasted 
or  that  has  been  rendered  unfit  for  use  by  over-heating  or  by  long-continued  heating,  shall 
not  be  paid  for.  For  purposes  of  measurement,  a  gallon  shall  be  a  volume  of  231  cu.  in. 
and  measurement  shall  be  based  on  the  volume  of  the  bituminous  material  at  a  temperature 
of  60°F. 
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The  price  bid  shall  include  the  furnishing,  hauling,  heating  and  applying  the  bituminous 
material,  and  shall  also  include  the  spreading,  rolling  and  incorporation  of  the  stone  into  the 
wearing  carpet. 

This  item  shall  not  include  the  furnishing  of  the  No.  1  and  No.  2  stone  or  gravel,  nor  the 
delivery  of  same  along  the  side  of  the  road;  these  will  be  paid  for  under  Items  Screened 
Gravel  or  Broken  Stone  Loose  Measure,  respectively. 

Construction  Equipment  and  Methods. — Construction  equipment  is 
to  be  discussed  in  detail  in  the  fourth  book  of  this  series;  to  give  the 
student  an  idea  of  usual  equipment,  a  short  list  is  given  below. 

Grading 

Heavy  cuts Small  steam  shovel  or  large 

size  Keystone  grader,  dump 
wagon  delivery  or  narrow 
garage  track  and  car 
delivery. 

Ordinary  cuts  short  haul Wheel    and    slip    scrapers 

hauled  by  teams  or  small 
tractors  or  traction  engine. 
Keystone  grader,  dump 
wagon  haul. 

Light  cuts  and  finishing Plow  and  hand  excavation. 

Dump  wagon  haul. 

Blade    scraper    and    hand 

pick  and  shovel  trimming. 

Consolidation  by  teaming  and  10-ton  roller. 

Concrete  and  Pipe  Culverts 

1  bag  batch  concrete  mixer. 

Small  tools,  including  iron  tamper,  spader,  edging  tools  and  carbo- 
rundum finishing  brick. 
Tripod  with  chain  block  hoist  for  handling  reinforced  concrete 
pipe  24  in.  or  more  in  diameter. 
Gravel   Subbase. — Ordinary  grading  equipment  for  loading  gravel 
at  pit.     Truck  or  dump  wagon  delivery.     Either  dump  and  spread  by 
hand  or  if  trucks  are  used,  spread  with  manger  spreader.     Consolidated 
by  combination  of  teaming  and  steam  roller  or  traction  engine. 

Boulder  Base. — Generally  hand  loading.     Generally  dump   wagon 
delivery  on  account  of  difficulty  of  reaching  source  of  supply  with  trucks. 
Boulders  dumped  on  grade,  placed  by  hand.     Filled  with  gravel  or  crushed 
stone  previously  placed  on  shoulder  and  rolled  with  10-ton  roller. 
Macadam  Courses. — Quarrying  machinery  (Fig.  83). 
Crushing  plant  (Fig.  84). 


DETAILS  OF  DESIGN  AND  CONSTRUCTION 


215 


Unloading  plant  for  rock  delivery  in  railroad  cars,  generally  either 
elevator  unloader,  clam  shell  imloader,  or  for  small  jobs,  hoppers  with 
hand  shovelling. 


Fig.  m) 


n/\wlMiif4    .^leaiii    .-shovel    with    caterpillar    traction.      Very  effective  for 
moderately  heavy  highway  excavation. 


Delivery  of  materials  to  grade  by  either  trucks  or  teams;  teams 
preferable  for  new  construction,  particularly  for  bottom  course  where 


Fig.   81. — Heavy  steam  shovel.     Rock  work  in  western  mountain  highway  construction. 

haul  does  not  exceed  1  mile;  trucks  preferable  for  reconstruction  of  old 
solid  roads  or  long  hauls  over  1  mile. 
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Macadam  stone  spread  either  by  hand  or  manger  spreaders  and  trued 
up  by  hand.     Stone  rolled  with  10-ton  roller;  filled  by  hand  from  piles 


Fig.  82. — Heavy  blade  scraper  drawn  by  5-ton  caterpillar  tractor  shaping  shoulders  and 

ditches. 

previously  dumped  on  the  shoulders.  Top  course  puddled  by  sprinkling 
macadam  by  means  of  sprinkling  carts;  pipe  line  and  hose  or  pipe  line 
and  sprinkler  attached  to  roller;  the  last  method  is  the  best  and  cheapest; 


Fig.   83. — Typical  small  local  quarry  layout  for  road  work. 


the  sprinkling  pipes  on  the  roller  throw  a  strong  stream  directly  on  to  the 
wheels  of  the  roller  instead  of  on  to  the  stone;  the  water  is  fed  to  the  roller 
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by  means  of  an  armored  hose  about  250  ft.  long;  pipe  line  faucets  are 
provided  at  intervals  of  250  to  300  ft.  The  road  is  puddled  in  sections 
of  100  to  200  ft.  at  a  time. 


-^., 


^ 


'i.r-s^Kiis'' 


'^**!i% 


Fig.  84. — Typical  .siiiull  ptutuljle  criushur  lunJ  bin  for  utilization  of  local  stone  supplies. 

Traction  eiigine  power. 

Inspection  Details. — The  following  brief  statement  gives  the  essentials 
of  inspection. 


Fig.  85. — Hopper  unloaders  for  small  joI)s  where  it  would  not  pay  to  use  elevator 
or  crane.  Hand  shovelling  into  hoppers.  Quick  dump  into  trucks,  saving  truck  time  in 
loading. 

Culverts. — Culverts  are  usually  constructed  before  the  road  is  graded. 
They  should  be  completed  well  in  advance  of  the  macadam,  because  even 
though  the  l)ack-fill  is  carefully  tamped  there  is  bound  to  be  some  addi- 
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tional  settlement  under  traffic  action,  and  if  the  macadam  is  laid  over  a 
fresh  back-fill  depressions  are  sure  to  develop  which,  if  not  repaired,  make 
"  thank-you-marms "  in  the  road  or  introduce  areas  of  no  soil  support 
under  rigid  slabs  which  often  produce  cracks  unless  the  pavement  is 
thickened  enough  to  bridge  the  trench. 


Fig.  86. — Roller  in  action. 


Roller  must  not  be  reversed  suddenly, 
roll  easily  to  rest  and  start  easily. 


lu  stopping  it  should 


Cast-iron  Pipe. — Trenches  for  pipe  are  dug  the  required  depth, 
making  the  bottom  wide  enough  to  allow  the  joints  to  be  properly 
calked.  This  requires  a  trench  18  to  24  in,  wider  than  the  pipe  diameter, 
i.e.,  for  a  12-in,  pipe  the  trench  is  30  to  36  in.  Bell  holes  are  dug  as 
shown  in  Fig.  87,  so  that  the  pipe  will  have  a  uniform  bearing  its  entire 
length.     At  no  point  should  it  rest  directly  on  boulders  or  ledge  rocks. 

Fig.  87. — Bell  holes  in  trench  bed. 

If  the  foundation  is  soft  the  pipe  should  be  laid  on  a  concrete  or  gravel 
base.  For  ordinary  soils  the  only  precaution  the  inspector  need  take 
is  to  prevent  back-fill  under  the  pipe. 

Unless  the  foreman  is  alert  the  trench  is  often  excavated  too  much  in 
some  places,  which  are  then  back-filled.  This  is  bad  practice  except 
where  boulders  are  encountered  which  must  be  removed  and  the  cavities 
back-filled  with  good  material. 

Pipe. — The  pipe  is  inspected  for  flaws;  it  is  then  placed  in  the  trench 
with  the  bell  end  upstream.     At  each  joint  the  spigot  end  is  placed  in 
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the  bell  and  forced  against  the  shoulder,  making  a  tight  joint.  The 
pipe  is  then  lined  correctly  and  a  gasket  of  jute  or  oakum  driven  into  the 
joint  with  an  iron  calking  tool  having  a  2-  to-3  in.  offset,  as  shown  in  Fig. 
88.     The  balance  of  the  joint  is  then  filled  with  a  1  to  1  cement  mortar. 

The  trench  is  then  back-filled,  care  being  taken 
not  to  throw  the  pipe  out  of  line:  the  back-fill  must 
be  well  tamped  in  laj'crs  not  exceeding  6  in.,  using 
heavy  paver's  rammers.  A  good  working  rule  is  to 
use  two  of  the  best  men  on  the  job  tamping  and  the 
laziest  man  on  the  force  throwing  dirt  to  them. 

Head-walls  for  Culverts. — The  face  of  the  head-wall  should  extend 
beyond  the  end  of  the  pipe,  as  it  is  difficult  to  get  a  good  looking  connec- 
tion if  it  is  flush  with  the  end. 

Figure  89  shows  a  convenient  plug  form  for  this  extension.  This 
plug  is  set  into  the  end  of  the  pipe  and  can  be  readily  removed;  the 


Fig.  88.— Caulking 
tool. 


Fig.  89. — Flare  plugs  for  pipe  headwall  forms. 

resulting  head-wall  being  pleasing  in  appearance.     The  head-wall  form 
can,  also,  be  readily  skewed  (set  at  an  angle  with  the  pipe)  if  required. 

Reinforced  Concrete  Pipe. — Pipe  of  this  character  is  laid  in  the  same 
general  manner  as  cast-iron  pipe  with  the  following  minor  changes.  It  is 
desirable  to  dig  the  trench  2  or  3  in.  lower  than  necessary  and  back-fill 
with  gravel  well  tamped  to  give  a  slightly  flexible  bed  for  the  pipe.  It 
is  essential  that  concrete  pipe  be  handled  with  care  as  most  of  the  damage 
to  this  pipe  occurs  by  careless  handling.  Pipe  up  to  18  in.  in  diameter 
can  be  easily  handled  bj^  rope  slings  held  by  hand.  For  24-in.  or  larger 
pipe  a  tripod  with  chain  block  hoist  is  desirable  to  prevent  breakage  in 
lowering  with  the  trench  and  to  avoid  needless  disturbance  of  the  bed 
by  dropping  heavy  pipe  at  an  angle.  The  back-fill  for  this  kind  of  pipe 
must  be  very  carefully  done  up  to  half  height.  In  loam,  clay  and  quick- 
sand soils  it  is  desirable  to  cradle  the  lower  half  of  the  pipe  with  concrete 
1:3:6  mix. 

CONCRETE  CULVERTS 

Excavation. — The  trench  is  dug  to  the  required  depth;  if  the  material 
will  stand  vertically  no  back  forms  are  necessary,  and  the  width  of  the 
trench  is  made  the  width  of  the  out  to  out  dimensions  of  the  culverts. 
If  back  forms  are  needed  the  trench  is  usually  made  2  ft.  wider.  If 
running  water  is  encountered  which  cannot  be  temporarily  clammed,  or 
diverted,  the  trench  is  made  wide  enough  to  flume  the  stream  through 
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on  one  side  of  the  back  forms  for  small  culverts,  or  between  the  abutments 
for  larger  span  structures. 

Back-fill. — The  back-fill  is  made  as  for  cast-iron  pipe  except  that  it 
should  not  be  deposited  on  the  fresh  top  of  a  culvert  within  24  hours  of 
laying  the  concrete. 

Forms. — Forms  should  be  true  to  shape  and  constructed  of  planed 
tongue  and  groove  or  carefully  sized  lumber,  for  the  exposed  surfaces. 
Face  form  lumber  should  never  be  less  than  2  in.  thick  and  should  be 
well  ribbed.  They  should  be  water-tight,  as  otherwise  the  fine  material 
will  run  out  of  the  face  of  the  concrete  and  leave  a  rough  "pop-corn" 
surface.  They  must  be  well  braced  to  prevent  bulging.  Triangular  or 
feather-edged  grooved  moldings  are  placed  in  the  angles  of  the  forms  to 
shape  them  satisfactorily. 

Removal  of  Forms. — The  length  of  time  that  the  forms  should  remain 
in  place  is  a  matter  of  judgment;  it  depends  upon  the  cement  and  weather 
conditions. 

The  author's  practice  is  as  follows: 

Head-walls  or  'parapet  forms  are  removed  within  36  hours  in  dry 
weather  or  within  48  hours  in  damp,  cold  weather,  in  order  to  rub  down 
the  surfaces. 

Low  side-wall  forms  for  spans  of  2  to  3  ft.,  where  the  deck  is  con- 
structed later,  may  be  removed  in  36  to  48  hours. 

Trunk  forms  for  small  culverts  2-  to  3-ft.  span  may  be  removed  in  from 
3  to  7  days. 

Trunk  forms  for  medium  culverts  up  to  10-ft.  span  7  to  14  days. 

Deck  forms  for  spans  above  10  ft.  may  be  removed  in  from  14  to  28 
days. 

Any  unusual  load,  such  as  a  roller,  should  not  be  allowed  over  a  new 
culvert  of  even  a  small  span  in  less  than  7  days,  unless  precautions 
are  taken  to  distribute  the  pressure  by  planking  the  back-fill,  or  otherwise, 
and  on  the  larger  structures  a  time  limit  of  3  to  4  weeks  is  advisable. 

Amount  of  Cement,  Sand  and  Stone  Required. — Table,  page  305, 
gives  these  amounts  for  1  yd.  of  concrete. 

MIXING  AND  PLACING  CONCRETE 

The  strength  of  the  concrete  depends  largely  upon  the  thoroughness 
of  the  mixing  and  the  water  content. 

The  author's  practice  has  been  as  follows: 

Hand-mixing.     Cement  and  Sand. 

3  turns  dry 3d  class  concrete  (foundations  and  side  walls) 

4  turns  dry 2d  class  concrete  (decks  and  parapets) 

Add  water  and  mix  mortar. 
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Drench  stone  and  turn  stone  and  mortar. 

3  times  for  third  class  concrete 

4  times  for  second  class  concrete 

Machine  Mix.     Minimum  1  minute  (15  revolutions). 

Deposit  in  forms  by  dropping.  Do  not  cast,  as  this  separates  the 
coarse  and  fine  material.  Use  enough  water  to  give  a  mixture  that 
quakes  like  liver  under  the  rammer  (about  5  to  6  gal.  per  sack  of  cement). 

Deposit  in  layers  not  over  6  in.  deep  and  ram  each  layer  thoroughly; 
spade  the  concrete  thoroughly,  and  work  an  excess  of  the  fine  stuff  to 
the  face  of  the  forms  by  prying  the  larger  fragments  back  from  the  form 
with  a  narrow  spade  or  broad-tined  fork. 

Machine  Mixing. — Culverts  generally  contain  such  a  small  quantity 
of  concrete  that  machine  mixing  is  often  not  used  although  a  small 
mixer  is  very  convenient  and  the  one  bag  batch  size  is  in  very  common 
use  for  work  of  this  character.  In  case  a  batch  mixer  is  employed,  the 
inspection  is  simplified  to  checking  the  quantities  of  cement,  sand  and 
stone  in  each  charge  regulating  the  water  content  and  insisting  on  com- 
plete mix.  At  least  a  minute  in  the  drum.  If  a  continuous  mixer  is 
used  it  is  well  to  keep  watch  of  the  cement  hopper,  as  the  cement  is 
liable  to  run  low,  feeding  only  a  portion  of  the  work,  or  a  large  lump  of 
cement  may  ride  on  top  of  the  worm  and  hinder  the  feed;  or  the  worm 
may  become  coated  with  damp  cement  which  reduces  the  capacity. 
If  the  inspector  watches  the  cement  hopper  the  contractor  will  tend  to 
the  sand  and  stone  hoppers.  Continuous  mixers  are  usually  prohibited 
on  account  of  the  uncertainty  of  the  resulting  product. 

Finishing  Concrete. — ^If  a  smooth,  marble-like  surface  is  desired  it  can 
be  obtained  by  rubbing  down  the  surface  before  it  has  fully  set  with  a 
cement  sand  brick  moistened  with  water.  If  a  rough  sandpaper-like 
finish  is  wanted  it  can  be  secured  by  rubbing  with  a  wooden  float 
moistened  with  water.  This  finish  is  not  as  apt  to  hair-check  as  the 
smooth  finish. 

Freshly  laid  concrete  should  be  protected  from  a  hot  sun  by  covering 
it  with  canvas,  or  blankets,  and  wetting  it  down  frequently  for  4  or 
5  days.  No  plastering  of  surfaces  should  be  allowed  after  the  cement 
has  set.  If,  however,  it  has  been  badly  hair-checked  from  heat  the  defect 
can  usually  be  remedied  by  rubbing  with  a  carborundum  brick.  Freshly 
laid  concrete  must  be  protected  from  frost.  A  satisfactory  method  is  to 
cover  with  canvas  and  a  thick  layer  of  manure  or  straw.  If  the  concrete 
has  been  frost-pitted,  on  the  surface  only,  bush  hammering  will  give  a 
rough  stone  finish,  pleasing  in  appearance.  No  culvert  work  should  be 
allowed  in  continued  cold  weather,  as  it  is  difficult  to  get  a  good  finish 
and  in  roadwork  there  is  no  necessity  of  doing  this  work  in  the  winter. 
Concrete  culvert  inspection  must  be  continuous. 
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Rough  Grading. — J^y  rough  grading  is  meant  all  of  the  work  pre- 
liminary to  the  finished  shaping,  and  includes  moving  practically  all  the 
dirt  that  is  to  be  handled.  It  is  particularly  important  to  supervise  this 
stage  of  construction,  as  it  is  here  that  the  constructing  engineer  regulates 
the  placing  of  the  best  material  in  the  center  (under  the  metalhng)  and 
the  poorer  materials  on  the  sides. 

In  order  to  grade  economically,  the  contractor  and  inspector  should 
each  be  furnished  with  lists  similar  to  those  given  below  (Fig.  90),  show- 
ing, in  a  convenient  form,  the  amount  of  excavation  station  by  station 
and  within  what  bounds  it  is  to  be  placed. 

Cuts. — For  cuts  over  3  ft.  deep  slope  stakes  are  placed  and  care  taken 
that  the  slopes  are  properly  carried  down.  If  excavated  beyond  the 
finished  lines  it  is  practically  impossible  to  make  a  back-fill  that  will  hold 
and  the  resulting  irregularities  are  unsightly.  This  is  impossible  where 
a  steam  shovel  is  used  in  which  case  the  slope  is  cut  to  the  half  slope  line 
and  the  upper  earth  plowed  down  to  complete  the  lower  portion  in  fill. 
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Fig.  90." — Eartliwork  record  to  .show  direction  and  limit.s  of  moving  excavation. 

Fills. — For  fills  slope  stakes  are  set  in  the  same  manner  as  for  cuts.' 
The  earth  should  be  deposited  in  thin  layers,  6  to  8  in.  deep,  extending 
from  slope  to  slope,  and  each  layer  well  compacted  either  with  a  roller  or 
by  driving  over  it  with  wagons  in  the  process  of  building.  Where  the  old 
surface  has  a  steep  slope  it  must  be  plowed  to  give  a  good  bond  with 
the  new  fill  and  prevent  slide. 

It  is  bad  practice  to  build  the  center  of  the  fill  and  then  shovel  loose 
material  off  of  the  edge  to  widen  the  slopes,  as  this  loose  side-fill  is  not 
compacted  and  under  the  action  of  frost  will  nearly  always  slough  away 
from  the  harder  central  portion. 

1  Slope  stakes  can  be  located  directly  from  the  templet  cross-section  which  is  a 
much  easier  method  than  the  railroad  practice  of  rod  and  level  computation. 
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To  get  the  full  benefit  of  the  teaming  in  compacting  the  dirt,  a  deep 
fill  should  be  started  at  a  point  nearest  the  cut  from  which  the  material 
is  hauled  and  each  load  driven  over  the  loose  layer.  In  this  way  nearly 
every  fill  can  be  better  compacted  than  by  the  use  of  a  roller  alone.  For 
long  fills  where  there  is  considerable  teaming  over  each  layer  a  roller  is 
not  usually  needed. 

Wet  clay  or  heavy  loam  should  never  be  placed  in  the  bottom  of  a 
fill,  as  it  dries  slowly  when  not  in  contact  with  the  air  and  keeps  the  fill 
"spongy."  The  writer  has  seen  cases  where  fills  not  over  3  ft.  deep 
have  remained  soft  for  2  months  where  wet  material  had  been  used  and 
it  was  finally  necessary  to  remove  it. 

Transferring  Grade  from  Stakes. — A  handy  level  for  transferring 
the  grade  from  stakes  to  the  center  of  the  road  is  shown  below.  If  well 
made  and  properly  used  it  will  transfer  the  grade  elevation  50  ft.  with 
an  error  of  less  than  2  in.,  which  is  close  enough  for  this  stage  of  the  con- 
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Fig.  91. — String  level. 

struction:  Its  proper  use  depends  on  its  being  located  midway  between 
stake  and  hand.  If  held  close  to  the  hand  the  grade  transfer  will  always 
be  low  due  to  sag  of  the  string. 

Ditches. — The  ditches  must  always  be  dug  out  enough  to  protect  the 
center  grading  before  the  fine  grading  (stone  trench)  is  completed,  and 
it  is  usually  cheaper  for  the  contractor,  as  well  as  better  for  the  road,  to 
dig  them  out  before  the  fine  grading  begins. 

Regulation  of  Material  in  Fills. — In  fills,  particularly  shallow  ones, 
the  road  can  be  greatly  improved  by  a  judicious  selection  of  available 
materials.  Material  taken  from  two  nearby  cuts,  or  at  different  depths 
in  the  same  cut,  will  often  vary  in  character  and  the  most  experienced 
man  on  the  job  should  indicate  which  materials  to  use  in  the  center  of 
the  fill,  under  the  metalling,  and  which  on  the  sides.  The  soils  in  the 
order  of  value  for  fills  are  gravel,  coarse  sand,  loam  and  clay.  For 
shallow  fills  on  a  good  foundation  clay  should  not  be  used  under  the  stone, 
and  a  good  material  must  be  overhauled  or  borrowed.  It  is  better  to 
avoid  overhaul  if  possible,  as  it  is  an  item  liable  to  be  disputed  as  to  the 
amount.  Where  it  is  necessary,  a  good  practical  method  of  determining 
the  amount  of  the  small  quantities  of  earth  usually  needed  is  to  keep  track 
of  the  number  of  wagon  loads  overhauled  from  station  to  station. 

Sod  may  be  used  in  the  sides  of  the  fill,  but  should  be  kept  at  least  3 
ft.  outside  of  the  pavement  edge.  It  should  never  be  used  as  a  shoul- 
der close  to  the  stone  or  in  the  center  of  the  fill  under  the  metalling. 

The  author  wishes  to  emphasize  the  importance  of  this  regulation  of 
material.     At  present  the  inspection  of  rough  grading  is  often  confined 
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to  keeping  the  sod  from  the  center  fill,  and  the  center  fill  is  made  of  the  dirt 
just  as  it  happens  along.  As  a  result,  the  subgrade  will  vary  greatly  in 
character  and  if  a  uniform  depth  of  stone  is  used  over  this  ''spotty"  fill 
the  results  are  often  not  satisfactory,  while  if  the  depth  of  stone  is  varied 
to  meet  the  subgrade  conditions  an  unnecessary  amount  of  stone  is  used. 
In  cases  where  there  is  no  choice  of  earth  materials  the  stone  depth 
must  be  made  thick  enough  to  meet  the  requirements  of  the  grade. 

FINE  GRADING  FOR  STONE  TRENCH 

The  fine  grading  includes  the  shaping  and  consolidation  of  the  stone 
trench. 

The  construction  shoulder  must  be  at  least  2.5  ft.  wide  and  well 
consolidated  in  order  to  hold  the  stone  solidly  during  rolling.  This  must 
be  watched  continually  by  the  inspector  as  it  is  a  point  often  slighted. 

Shaping  the  Grade. — A  simple  guide  for  shaping  the  grade  is  shown 
in  the  accompanying  sketch  (Fig.  92)  and  consists  of  three  strings  (center 
and  sides)  stretched  between  pins  driven  at  least  every  50  ft.  and  prefer- 

,  Cradinq ;  Pins-^  Comtrvcpon 

■^ '       -•  ^  •  Shoulder 


Fig.  92. — Convenient  system  of  grading  lines  for  fine  grading. 

ably  every  25  ft.  The  pins  should  not  be  placed  at  intervals  of  more  than 
50  ft.  as  this  will  cause  objectionable  sag  in  the  lines  and  the  grade  will 
be  undulating.  On  vertical  curves  at  summits  the  pins  should  be  placed 
from  at  12-  to  25-ft.  intervals.  The  grade  elevation  is  transferred  and  the 
lines  carefully  set  at  their  proper  elevation  by  means  of  a  straight-edge, 
level  and  rod,  or  by  stretching  a  line  between  grade  stakes  on  opposite 
sides  of  the  road  as  previously  described.  The  string  level  recommended 
for  rough  grading  cannot  be  used,  as  it  is  not  sufficiently  accurate. 

The  general  level  of  the  finished  consolidated  grade  should  be  correct 
to  within  1  in.  This  leeway  of  1  in.  from  the  figured  grade  makes  it 
possible  to  get  satisfactory  results  without  wasting  time  on  finical 
work  and  does  not  appreciably  affect  the  total  amount  of  excavation, 
as  the  errors  tend  to  balance.  There  should,  however,  be  no  short,  small 
irregularities  of  grade  noticeable  to  the  eye.  Continuous  inspection  on 
shaping  the  grade  is  not  necessary. 

Consolidating  the  Grade. — Most  soils  when  slightly  moist  will 
consolidate  readily  if  thoi'oughly  rolled.  Clay,  heavy  loams  or  exces- 
sively fine  sandy  loams  (quicksand)  will  not  pack  when  wet.  Continued 
rolling  is  injurious  for  these  soils  in  this  condition,  as  they  will  "work" 
under  the  roller.     If  they  occur  only  in  small  pockets  they  can  be  removed 
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and  replaced  with  good  material;  if  in  stretches  of  any  length  the  grade 
must  dry  out  before  placing  the  stone.  Under  drains  are  constructed  at 
this  time,  where  necessary,  and  the  surface  ditches  are  cleaned  out  and 
made  effective.  Where  a  hard  shower  has  softened  the  surface  only  of 
a  previously  consolidated  grade  of  this  kind  and  the  contractor  wishes 
to  lay  stone,  the  surface  can  be  hardened  by  spreading  a  thin  layer  of 
gravel  or  waste  ^i-in.  stone  and  rolling  it  into  the  earth.  This  will  help 
in  preventing  the  stone  teams  from  cutting  up  the  grade. 

Gravels  and  finely  pulverized  clay,  or  clay  loams  (deep  dust),  will 
not  consolidate  when  dry;  such  material  must  be  thoroughly  sprinkled 
to  get  a  compact  grade.  It  is  not,  however,  customary  to  sprinkle 
coarse  gravels,  even  if  slightly  loose,  as  no  objectionable  results  follow 
from  placing  stone  on  such  a  grade;  deep  clay  or  loam  dust  is  objection- 
able and  must  be  sprinkled. 

Coarse  sand  makes  an  ideal  foundation  but  is  hard  to  keep  in  shape 
while  placing  the  first  layer  of  stone.  In  some  cases  sprinkling  will 
harden  it  sufficiently;  in  others  a  layer  of  fine  loam  has  been  spread  over 
the  sand  and  flushed  in  with  satisfactory  results.  Sometimes  where 
loam  is  not  available  a  cheap  cheesecloth  has  been  spread  over  the  top  of 
shifting  sand  to  prevent  the  stone  from  punching  in  too  much  under  the 
roller.  The  author  has  never  encountered  any  coarse  sand  that  could 
not  be  successfully  treated  by  sprinkling  and  covering  with  1  or  2  in.  of 
%-in.  stone;  the  blanket  of  ^^-in.  stone  prevents  the  sand  from  squeezing 
up  into  the  loose  bottom  stone  and  spreading  the  fragments. 

While  coarse  sand  makes  a  good  foundation,  a  fine  sand  or  sandy 
loam  approaching  quicksand  is  very  treacherous;  it  is  difficult  to  judge 
the  degree  of  fineness  at  which  a  sand  becomes  treacherous,  particularly 
when  it  is  dry.  A  sieve  test  can  be  made  (not  over  30  per  cent  should 
pass  a  100  sieve),  but  a  good  practical  method  in  the  field  is  to  saturate 
the  material  thoroughly  with  water;  a  satisfactory  sand  becomes  more 
compact  while  an  exceedingly  fine  sand  gets  "quaky. " 

Determination  of  Stone  Depths  and  Construction  of  Subbase. — 
Practically  the  only  engineering  problem  that  the  constructing  engineer 
has  to  solve  is  that  of  foundations.  It  is  recognized  by  most  designers 
and  estimators  that  it  is  impossible  from  even  a  careful  preliminary 
examination  of  the  soil  to  specify  exactly  the  amounts  and  depths  of  founda- 
tion stone.  To  meet  this  an  extra  quantity  of  subbase  or  bottom  stone 
is  allowed  the  constructor,  to  be  used  as  he  sees  fit.  During  the  progress 
of  the  rough  and  fine  grading  the  exact  limits  of  the  different  kinds  of  sub- 
grade  soil  are  determined  and  the  stone  depths  varied  according  to  his 
judgment  (see  page  82).  Men  that  really  understand  this  part  of  the 
work  are  hard  to  get,  as  it  is  only  from  extended  experience  and  intelhgent 
study  of  their  own  failures  and  successes  that  a  sound  judgment  is 
developed.     An  examination  of  Table  17,  page  100,  will  help  a  beginner. 

lo 
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A  good  constructing  engineer  is  much  more  difficult  to  find  at  present 
than  a  good  technical  designer. 

Where  subbase  is  used  the  subgrade  is  dug  out  to  the  required  extra 
depth  and  rolled  if  it  is  in  such  shape  that  it  will  not  "work."  Peat, 
muck,  wet  fine  sand  or  wet  clay  cannot  be  rolled  until  the  subbase  is 
placed  and  filled.  Where  it  is  possible,  such  soils  should  be  drained  and 
allowed  to  dry  before  placing  the  base,  but  is  often  not  feasible  to  dry 
them  enough  to  allow  rolling,  even  though  underdrainage  is  put  in, 
which  partially  hardens  them  and  successfully  protects  the  road  after 
the  stone  has  been  placed.  This  is  particularly  true  on  flats  where  it  is 
hard  to  get  an  outlet  for  a  drain  or  in  the  fine  sands  on  which  an  under- 
drain  has  little  effect  on  account  of  the  capillary  action  of  the  material. 
Where  a  soft  subgrade  of  this  kind  is  encountered,  a  stony  gravel  makes 
the  best  subbase,  as  it  contains  no  voids  between  the  larger  fragments 
and  when  rolled  the  soft  underlying  material  cannot  squeeze  up  through 
the  course.  In  case  boulder  or  quarry  stone  base  is  used  on  a  soft  grade, 
it  is  necessary  to  lay  them  in  close  contact  by  hand  and  then  fill  the  voids 
completely  with  gravel  or  No.  ^^  stone  bejore  rolling;  otherwise  the  sub- 
grade  material  would  squeeze  up  between  the  stones,  separating  them 
and  partially  destroying  the  efficiency  of  the  base. 

In  the  spring  and  fall  of  the  year  it  is  common  to  find  good  material 
so  saturated  from  long-continued  rains  that  it  acts  badly  under  the  roller 
and  instead  of  waiting  for  the  grade  to  dry  out,  when  the  normal  thickness 
of  stone  would  be  sufficient,  subbase  is  often  put  in  either  to  help  the 
contractor  so  that  he  will  not  be  delayed  or  because  the  engineer  is 
misled  as  to  the  character  of  the  material.  This  results  in  a  waste  of 
money.  On  the  other  hand,  clay,  when  thoroughly  dry,  is  hard  and — 
firm,  which  often  influences  a  new  man  to  omit  subbase  where  it  will 
surely  be  needed. 

The  use  of  subbase  should  not  depend  too  much  on  the  action  of  the 
grade  under  the  roller  unless  the  degree  of  saturation  of  the  material  is 
considered,  although  it  serves  as  a  guide  in  locating  doubtful  spots.  The 
final  determination  should  depend  on  test  pits,  which  develop  the 
character  of  the  underlying  material. 

The  subbase  is  constructed,  as  explained,  under  Foundations,  either 
of  gravel,  boulder  or  quarry  stone.  The  depth  is  gauged  by  lines. 
The  ratio  of  loose  to  rolled  depth  is  given  on  page  195. 

Continuous  inspection  is  not  needed  on  subbase;  the  depth  of  grading 
is  checked  before  the  stone  is  placed  and  the  width,  depth  and  workman- 
ship can  be  readily  determined  after  the  base  is  completed,  and  by  an 
occasional  inspection  during  the  progress  of  the  work. 

Bottom  Stone. — The  earth  subgrade  must  be  firm  and  compact 
before  the  stone  is  spread.  Bottom  stone  must  never  be  laid  on  a  soft 
grade.     One  of  the  most  common  slips  of  inspection  is  to  allow  this 
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to  be  done  and  the  result  is  a  "piinky"  bottom  course  that  is  never  up  to 
standard.  The  distributing  power  or  this  course  depends  largely  on  the 
stone  fragments  being  firmly  interlocked;  if  the  stone  is  placed  on  a  soft 
grade  and  rolled,  the  earth  will  squeeze  up  between  the  fragments  and 
separate  them. 

The  depth  of  the  loose  stone  is  gauged  by  the  lines  or  cubical  wooden 
blocks  placed  on  the  subgrade.  Blocks  are  more  convenient  than  lines 
except  over  subbase  of  stone  fills,  where  lines  must  be  used  to  get  a 
spread  true  to  shape  and  grade.  The  ratio  of  loose  to  rolled  depths  is 
given  on  page  193. 

The  loose  stone  is  rolled  until  the  stones  are  solidly  interlocked  and 
there  is  no  movement  under  the  roller.  A  thin  layer  of  satisfactory 
filler  (see  materials  page  208)  is  spread  over  the  top,  rolled  and  broomed 
in;  the  process  is  repeated  until  the  stone  is  thoroughly  filled.  Continu- 
ous inspection  on  bottom  course  is  not  necessary.  The  widths  and  depths 
can  be  readily  checked  by  ocasional  inspection.  The  three  points  to  be 
carefully  watched  during  construction  are:  (1)  That  the  grade  is  firm; 
(2)  That  the  loose  fragments  are  thoroughly  rolled  before  the  filler  is 
applied.  (3)  That  the  finished  surface  is  true  to  shape  and  grade  as  a 
permanently  smooth  top  course  cannot  be  constructed  over  a  humpy 
bottom;  the  top  course  must  be  uniform  in  thickness.  A  great 
many  inspectors  believe  the  contractor  when  he  tells  them  that  he 
can  smooth  up  the  job  with  the  top  course.  He  can  temporarily  but  the 
second  season  the  result  is  Hell. 

It  is  desirable  to  complete  the  bottom  course  well  in  advance  of  the 
top,  in  which  case  the  contractor  can  work  to  advantage  after  rains,  and 
the  course  will  be  better  compacted  by  subjecting  it  to  some  traffic  action. 

Where  local  stone  is  crushed  on  the  job  and  the  stone  used  ranges  in 
size  from  1  in.  to  tailings,  care  must  be  used  in  spreading  that  the  sizes 
are  well  mixed,  as  pockets  of  fine  or  coarse  stone  are  objectionable.  The 
simplest  method  of  mixing  is  to  run  the  different  sizes  into  one  bin  at  the 
crusher;  if  they  are  separated  they  can  be  well  mixed  by  loading  one  end 
of  the  wagons  with  the  13^^  to  23-^  in.  and  the  other  end  with  23^^  to  33^^  in. 
and  when  dumped  on  the  grade  they  will  run  together.  When  difficulty 
is  experienced  with  these  methods  in  obtaining  a  well-mixed  stone  spread 
the  loose  stone  can  be  harrowed.  Many  specifications  call  for  harrowing 
thoroughly  where  a  large  range  of  crushed  stone  size  are  allowed  in  one 
course.  If  po.ssible,  tailings  should  be  used  as  subbase.  When  used 
in  the  bottom  course  having  a  rolled  depth  of  4  or  5  in.  they  should  be 
placed  in  the  lower  part  of  the  course,  but  for  a  3-in.  depth  they  should 
be  placed  on  top  and  broken  with  a  knapping  hammer  into  fragments  of 
less  than  33^^  in. 

The  filler  should  not  be  dumped  directly  on  the  stone  unless  absolutely 
necessary.     Drawing  the  loads  onto  the  unfilled  stone  loosens  the  course, 
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and,  also,  at  each  pile  of  filler  there  is  apt  to  be  left  an  excess  which  is 
hard  to  clean  off. 

The  approximate  amount  of  filler  required  per  100  ft.,  and  the  spacing 
of  13'^-yd.  loads  as  given  below.  The  amount  varies  for  the  different 
materials  used. 

Grading  and  foundations  have  been  treated  at  some  length,  as  they 
are  the  most  difficult  parts  of  the  construction. 

Table  Giving  the    Approximate    Amount  op    Filler    Required   per    100   Ft. 

OF  Road  for  Crushed  Stone  Macadam  Bottom  Courses  of  Different 

Widths  and  Depths,  Using  0.35  Cu.  Yd.  of  Filler  per  Cubic  Yard 

OF  Rolled  Bottom 

(In  cubic  yards) 


Rolled  depth  ol 

■  bottom  course 

Width  of 

macadam,  feet 

3  in. 

4  in. 

5  in. 

6  in. 

10 

3.2 

4.3 

5.4 

6.6 

12 

3.8 

5.1 

6.5 

7.6 

14 

4.5. 

6.0 

7.5 

9.0 

15 

4.9 

6.4 

8.0 

9.9 

16 

5.2 

6.9 

8.6 

10.4 

18 

5.9 

7.9 

9.7 

11.8 

20 

6.4 

8.6 

10.8 

12.8 

22 

7.0 

9.4 

11.8 

14.2 

Table  Grv'iNG  the  Approximate  Spacing  of  1.5  Cu.   Yd.  Loads  of  Filler  for 
the  Widths  and  Depths  Shown  in  Preceding  Table 

(In  feet) 


Rolled  depth  o 

'  bottom  course 

Width  of 

macadam,  feet 

3  in. 

4  in. 

5  in. 

6  in. 

10 

46 

34 

27 

23 

12 

40 

30 

23 

20 

14 

33 

25 

20 

17 

15 

31 

23 

19 

15 

16 

29 

22 

17 

13 

18 

25 

19 

16 

12 

20 

23 

18 

13 

11 

22 

21 

16 

12 

10 

I 
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Waterbound  Top. — Waterbound  top  is  constructed  in  the  same  way  as 
the  bottom  course  except  that  stone  dust  is  used  for  a  filler  and  the 
course  is  puddled  as  has  been  described. 

If  the  stone  used  is  a  local  stone  crushed  on  the  job  the  output  of  the 
crusher  must  be  carefully  controlled,  especially  when  selected  boulders 
are  used,  as  it  is  very  important  that  the  size  and  quality  of  such  stone 
shall  be  uniform. 

Imported  stone  can  be  inspected  on  the  cars.  Aside  from  this,  com- 
paratively little  inspection  is  required  except  at  the  stage  when  the  loose 
stone  has  been  rolled  and  before  the  binder  is  spread.  At  this  time  the 
inspector  should  examine  the  rolled  course  very  carefully  to  see  that  it  is 
true  to  shape  and  has  no  short  depressions  or  humps.  The  smooth  riding 
quality  of  the  road  depends  on  this  inspection  and  too  much  care  cannot 
be  taken.  This  point  is  particularly  emphasized,  as  many  of  the  stone 
roads  in  New  York  State  have  been  criticized  as  rough  for  automobile 
traffic.  Any  depressions  are  filled  with  stone  of  the  same  size  as  the  body 
of  the  course  and  rolled,  after  which  the  course  is  again  inspected  and 
corrected  until  it  is  made  true.  The  binder  is  then  spread,  broomed  in  dry, 
and  puddled.  In  puddling  use  plenty  of  water  and  roll  rapidly.^  If  a 
pipe  line  and  hose  are  used  a  pressure  of  100  to  125  lb.  at  the  pump  should 
be  maintained.  The  road  can  be  conveniently  puddled  in  stretches  of 
100  to  200  ft. 

After  the  road  has  dried  out  and  been  opened  to  traffic,  if  raveling 
occurs  it  can  usually  be  remedied  by  light  sprinkling  and  rolling. 

Where  the  top  course  is  granite,  gneiss,  or  trap,  it  is  often  necessary 
to  use  a  certain  percentage  of  limestone  dust  with  the  normal  screenings. 
The  limestone  is  more  effective  when  spread  last,  fiUing  the  top  voids  of 
the  course. 2 

General  Maintenance  Methods. — Detail  maintenance  methods  and 
costs  are  given  in  Chap.  IV. 

Well-defined  holes  are  repaired  by  cutting  out  the  edges  square  and 
vertical,  filling  with  regular  top  stone,  rolling  and  puddling  as  in  original 
construction.  Small  depressions  are  usually  remedied  by  filling  with 
cold  patch  or  screenings  and  oil.  Surface  pitting  is  remedied  by  oiling 
and  cover.  Shoulders  are  built  up  by  scraping  fresh  dirt  or  by  the  addition 
of  gravel  or  stone.  The  maintenance  of  ditches,  guard  rail,  culverts  etc. 
is  procedure  similar  for  all  types  of  improvement. 

1  For  amount  of  water  see  page  209. 

2  For  amount  of  limestone  screenings  see  page  209. 
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PENETRATION  BITUMINOUS  MACADAM  PAVEMENTS 

Bituminous  macadam  is  what  the  name  implies,  a  macadam  pave- 
ment bound  with  bituminous  material.  The  larger  stone  fragments, 
ranging  in  size  from  1}4,  in.  to  23-^  in.,  depending  on  the  depth  of  the 
course,  are  spread  and  rolled;  a  heavy  grade  of  refined  tar,  residuum  bitu- 
minous material,  or  fluxed  natural  asphalt,  is  then  poured  hot,  either  by 
hand  or  machines  into  the  voids  of  the  stone  so  that  the  stone  fragments 
are  covered  with  a  thin  coat  of  bituminous  material;  ^^-in.  stone,  or  dust- 
less  screenings  are  spread  over  the  surface  and  broomed  and  rolled  until 
the  voids  are  filled;  if  a  bituminous  flush  coat  is  to  be  used  the  excess 
filler  is  broomed  off  and  the  surface  application  of  bitumen  completed. 
Where  the  flush  coat  is  not  applied,  a  wearing  coat  of  clean  screenings  is 
spread  over  the  surface. 


Fig.  93. — Penetration  bituminous  macadam  on  primary  state  highway  carrying 
approximately  1,800  vehicles  per  day  (10-hr.  count  in  summer).  Note  the  easy  shoulder 
slope  which  adds  to  the  safety  of  traffic. 

The  amount  of  bituminous  material  used  as  binder  varies  from  1.50 
to  1.75  gal.  per  square  yard,  depending  on  the  depth  of  the  course.  The 
amount  used  for  flush  coats  ranges  from  0.2  to  0.5  gal.  per  square  yard. 
Standard  specifications  are  given  on  page  248. 

Penetration  bituminous  macadam  pavements  are  satisfactory  and 
economical  under  normal  traffic  conditions  ranging  from  800  to  2,000 
vehicles  daily  (10-hour  count  in  the  summer  season).  They  have  been 
used  quite  extensively  for  traffic  as  low  as  300  daily  and  in  a  few  cases  with 
moderate  success  up  to  6,000  daily  but  caution  should  be  exercised  in  their 
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selection  for  roads  carrying  more  than  2,000  daily.  The  essential  advan- 
tage of  this  type  lies  in  its  ability  to  provide  very  satisfactory  road  service 
at  less  initial  cost  than  any  type  of  rigid  pavement.  Under  moderate 
traffic  their  final  cost  including  maintenance  and  renewal  compares  favor- 
ably with  any  type  of  road.     When  well  designed  and  constructed  with 


Fig.  94. — Penetration  bituminous  macadam  on  resident  village  street.     A  very  excellent 
use  for  this  type  of  pavement. 

thicknesses  recommended  in  Chap.  II,  page  100,  they  can  be  utilized  in 
the  future  as  a  base  for  higher  type  surfacings.  They  are  a  very  satis- 
factory type  for  Class  II  traffic  and  for  residential  village  and  city  streets. 
They  are  not  seriously  damaged  by  settlement  and  can  be  easily  and 


Fig.  95. — Texture  of  surface  well  constructed  bituminous  macadam.     Photo  taken  after 
7  years'  use.  Class  II  traffic  main  road,  New  York  State. 

quickly  repaired.  They  are  safe  for  high  speed  travel;  they  ride  well  if 
carefully  constructed  but  under  careless  inspection  where  the  bitumen  is 
unequally  applied,  they  gradually  develop  humps  and  hollows  very 
disagreeable  to  fast  traffic.  This  type  of  pavement  requires  careful 
construction  and  ample  stone  depth.     They  are  resilient  under  steel  tire 
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traffic  as  well  as  under  ordinary  motor  traction.     They  are  used  exten- 
sively in  England  for  this  reason.     They  have  a  pleasing  neutral  color. 

Bituminous  macadams  including  base  and  top  range  in  initial  cost 
(1922  cost  conditions)  from  $1.60  to  $3.40  ($2.20  average)  per  square 
yard  depending  on  varying  conditions  of  foundation  soil,  traffic  and  local 
materials;  the  maintenance  charge  will  range  from  $0.02  to  $0.06  per 
square  yard  per  year,  depending  on  all  sorts  of  conditions  and  the  surface 
renewal  charge  distributed  over  the  life  of  the  pavement  will  probably 
average  about  $0.10  Class  III  traffic,  $0.12  Class  II  traffic  to  $0.20 
Class  I  traffic  per  square  yard  per  year,  1922  cost  conditions.^ 

The  use  of  excellent  materials  is  desirable  but  for  the  type  of  traffic 
usually  served  best  by  this  pavement  (Class  II),  excessive  refinements  of 
materials  or  manipulation  which  raise  the  cost  needlessly  may  well  be 
avoided.  Materials,  details  of  design  and  the  essentials  of  inspection  are 
later  discussed.  The  following  designs  can  be  used  with  assurance  of 
reasonable  success. 

Recommended  Design. — The  recommended  designs  represent  con- 
servative practice.  A  large  mileage  of  thinner  pavements  have  been 
constructed  and  have  served  quite  satisfactorily  for  considerable  terms 
of  years  under  favorable  traffic  conditions.  As  a  matter  of  fact,  it  is 
rare  that  any  well-constructed  bituminous  macadam  road  of  80  per  cent 
of  the  thickness  recommended  is  a  serious  failure  for  if  traffic  proves  too 
severe  for  either  the  foundation  strength  or  surface  resistance  to  wear,  the 
old  pavement  can  be  strengthened  by  additional  stone  and  the  pavement 
made  satisfactory  by  capping  with  a  more  resistant  surface  at  consider- 
ably less  cost  than  required  for  a  rigid  type  of  pavement. 

It  is,  however,  undesirable  to  resort  to  additional  surfacing  in  too 
short  a  period  particularly  on  the  score  of  depth  weakness  and  it  seems 
desirable  to  avoid  much  reduction  in  thickness  below  the  depths  recom- 
mended where  local  traffic  laws  permit  a  28,000-lb.  gross  vehicle  load  limit. 
A  surface  life  of  8  to  12  years  is  reasonable  for  this  type  when  fairly  well 
maintained  under  traffic  of  800  to  2,000  daily  although  there  are  a 
considerable  number  of  cases  which  do  not  fall  within  these  limits  (see 
Chap.  IV). 

Suitable  Materials. — Materials  for  foundation  courses  were  discussed 
under  Waterbound  Macadam,  page  208.  Top  course  materials 
are  crushed  stone  and  bitumen.  Typical  specifications  are  given  in 
Appendix  A. 

Crushed  Stone. — Top  course  crushed  stone  consists  of  three  sizes 
usually  specified  as  follows : 

Coarse  aggregate 13-^-  to  2)^^-in.  size 

Intermediate  size %-  to  13^^-in.  size 

Dustless  screening ^'^-to  ^^-in.  size 

^  Renewal  costs  based  on  maximum  allowable  Vialog  coefficient  of  250  without 
excessive  maintenance  (see  page  150). 
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Boulder  Bass  laid  in  6"h8"lqL/<^r5 

and  filled  with  Coarse  6ravel  Crushed  „       ^    ^      „.^  ,^       ,      ^ 

5fone  orSlag  anu  fofal depfh necessarjj  ,-3 PenefrahonDifuminous MacaaamTop 

5''D%%Z:tSe  %--IS%  ,s'----4^,^''CrushcdSloneorSl^E.er.erCourse 
of5lc^Shoalder-:^'rro^^A^Cr^^ 

^^^,,,,^7;^^?^^»^^^^^J^^I':lgr[r>c'?ig      i^^^  ■  ^^^?^    Underdrain  on  Uphill 
-^  ■  y  „         ^^^W^  ^-^  ^"-^'1^.^.,::%^^  =  ^=^  vb  j^^p  where  needed 
6  drave!  Sub-Base  over  ■        ™-* 

Quicksand  or  Wet  Clay  j  "porous  Tile.  IVeeps, 

spaced  30' 

Fig.  96^. — Recommended  penetration  bituminous  macadam  pavement  section,  boulder 
base  construction  Class  II  or  IIA  traffic. 


Boulder  Base  any  required  depth; 
laid  in  6" fo  8  "layers  filled  with 
Coarse  Gravel  Crushed  Sf one        /"  n        r, 

or  Slag.5eeTablel7jChap.2  '        3-^  Average  Depth  Biluminous  MacaaamTop 

K: IOlolS---l->\    ^„ 

\CircularArcCrom     ■       \6        c,"      ^  ^         ^       , 
I   i/s"perft^    j^_J^  <j/      ^^Crown Grade 


T^^^^^^^^'^^'W^B^^Er^'^^Underdrdms 
.V7^.y  v^vS-^^^^-iTT;^^^    in  Wet  Soils 

3  Porous  Tile  Weeps, 
spaced  30' 

Fig.  965. — Recommended  penetration  bituminous   macadam  pavement  section,  boulder 
base  construction  Class  III  or  IV  traffic. 


Coarse  Gravel  Sub-Base  any  depth,, 

rec^ 

on       .. 

,5"Crushed Stone orSlagBolfom Coarse  Class 2 a  ?/ITraff/c 
S"Sfone,  Gravel  or  \  ■'    ,\      ,  \4"  "       »    »    n     •>        »         "  3  Traffic 

Slag  Shoulders  "■•■  \  |^ ," ' " ; " "  tl^iolS  -  -  [;„  -  -  -> 


oarseUravetSab-pase  any  depth  ,,  i  j.  n-,  ■  ,,  ,  ^  ^,  ^  ^,^-,. 
squired  laid  and  compacted  in  6  . 5  Penetration  Bituminous  Macadam  Top  Class  B»FA  Traffic 
r less  layers.  SeeTable llChap? ,'-'  2^^        »  »  "         "       .,   3  Trafffc 


'{Circular^  Arc  Crown  \/sperff 


fes 


^^..rrprr^'f^'^^^^^^^^^m^ 


'^Crown  Grade 


Underdrains 
in  Wet  Sol  Is 

3" Porous  Tile  Weeps 
spaced  30' 

Fig.  97A. — Recommended  penetration  bituminous  macadam  pavement  section,  gravel  base 
construction  Class  II,  IIA  or  III  traffic. 


^arse aravel 6ub-Das^- Wml?'-  H   -- ' ' ~ "^  lop  bourse 


3"Porou5  Tile  Weeps, 
spaced30' 

Fig.  97B. — Recommended  penetration  bituminous  macadam  pavement  section,  gravel,  base 
construction  Class  IV  traffic. 
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The  stone  must  be  hard,  tough  and  clean.  The  coarse  aggregate 
13-^-  to  23^^-in.  size  must  be  uniform  and  must  not  contain  over  15  per  cent 
of  stone  smaller  than  1)^  in.  in  size;  this  is  important.  Under  heavy 
traffic  where  trap  or  the  harder  granites  are  available,  a  minimum 
French  coefficient  of  hardness  of  8  is  desirable  (5  per  cent  or  less  of  wear) . 
Very  good  results  can  be  obtained  with  a  minimum  hardness  coefficient 
of  7  (6  per  cent  or  less  of  wear)  and  this  is  the  usual  minimum  limit  where 
limestones  and  the  harder  sandstones  are  the  prevailing  formation.  Under 
light  traffic  and  where  hard  rock  is  very  expensive,  a  coefficient  as  low 
as  5  has  been  used  but  under  such  conditions  it  is  desirable  to  increase  the 
size  of  the  coarse  aggregate  to  2)^  to  33  ^  in.  and  to  use  a  harder  grade  of 
rock  for  the  screening  incorporated  into  the  seal  coat. 

Bitumen. — Either  asphalt  or  refined  tars  of  the  binder  grade  can  be 
successfully  used.  Detail  specifications  are  given  in  Appendix  A. 
For  penetration  bituminous  macadam,  the  author  prefers  an  asphalt 
binder.  The  proper  consistency  of  asphalt  binder  is  about  the  only 
point  in  design  which  varies  with  traffic  and  climatic  conditions.  The 
asphalt  authorities  believe  that  the  following  table  is  a  safe  guide  for 
determining  this  requirement  of  asphalt  binder.  The  author  prefers 
80-100  for  medium  heavy  traffic  for  Western  New  York  climatic 
conditions. 


Variation  in  Penetration 


Traffic 


Climatic  temperature 


Low 


Moderate 


High 


Light.  .  . 
Medium 
Heavy.  . 


120-150 
90-120 
80-  90 


90-120 
90-120 
80-  90 


80-90 
80-90 
80-90 


Amounts  of  Material. — The  amounts  required  for  the  foundation 
courses  are  given  under  Waterbound  Macadam,  page  210. 

For  penetration  top  course  our  records  in  Western  New  York  show 
that  the  proportion  of  sizes  used  per  cubic  yard  of  finished  top  (limestone 
aggregate)  are   approximately  as  follows : 

Per  Cent 

1)4.-  to  23^-in.  size  crushed  stone 65 

M-  to  IH-in.  size 20 

Dustless  screenings 15 

The  total  weight  of  all  sizes  limestone  specific  gravity  2.7  (170  lb, 
per  cubic  feet  solid)  is  about  4,250  lb.  per  cubic  yard  for  a  2}^-in.  con- 
solidated depth  of  finished  macadam  and  about  4,350  lb.  per  cubic  yard 
for  a  3-in.  consolidated  depth. 
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The  following  table  is  data  released  by  the  Asphalt  Association: 
AspHALTic  Macadam  Wearing  Course 
(23^-in.  consolidated  thickness) 


Materials 


Pounds  per  square  yard 


Coarse  stone 

Intermediate  stone. 

Screenings 

Asphalt 


227 

45 
25 
19 


Bituminous  Binder. — For  single  coat  work  on  steep  grades,  1.5  gal. 
per  square  yard  applied  in  one  coat  is  satisfactory  for  23''^-in.  depth  of 
top  and  1.75  gal.  per  square  yard  for  the  3-in.  depth.  Where  seal  coats 
are  used  on  the  lighter  grades  0.4  to  0.5  gal.  are  generally  used.  Asphalt 
binder  for  penetration  macadam  weighs  about  as  follows: 

Asphalt 
Specific  gravity  Weight,  pounds  per  gallon 


1.00 

8. .33 

1.02 

8.50 

1.04 

8.66 

1.06 

8.83 

Design. — The  principles  of  design  are  essentially  the  same  as  for 
waterboimd  macadam;  that  is,  a  good  design  considers  the  varying  depth 
required  for  the  prevailing  soils,  the  most  economical  use  of  local  mate- 
rials, width,  crown,  and  depth  of  top  course.  To  determine  total  depths, 
reference  is  made  to  Table  17,  page  100.  Having  decided  on  the  depths 
required,  alternate  estimates  are  prepared  on  the  basis  of  utilizing  gravel, 
boulder  or  macadam  foundation  courses.  The  variations  in  depth  of 
macadam  over  gravel  or  boulder  bases  were  developed  in  Chap.  II,  page 
99.  The  most  economical  combination  is  adopted.  The  important 
point  is  that  a  real  design  shall  be  made  considering  soil  conditions  and 
local  material.  Rigidly  standardized  uniform  depth  over  varying  soils  is 
to  be  avoided,  see  Sample  Design  Report,  page  156.  Where  a  macadam 
bottom  or  evener  course  is  used,  it  is  permissible  to  reduce  the  top  course 
to  a  23^-in.  thickness  under  fairly  light  traffic.  Under  heavy  traffic,  a 
depth  of  3  in.  is  recommended.     Some  states  use  a  2-in.  depth  of  top  but 
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Rhode  island  State  boapo  of  PuBLrc  Roads 
SPECIAL    INFORMATION    FOR    INSPECTOR        .SKETCHES) 


S5      SECTION  J 


SECTION  II    Jo 


Z"CRU^HFDt^rcfi£  Bi>i£:  7''6lJ  CON  TOP 


-.•'ci^us^fosronf  BA5(;  2'BrT  con,  tor 


9" S-tone  Fill 


12  Oravel Foundathn  Measured 


in  Place 


3"Cruslied5ione  Base: 
2  "Bitum.  Con.  Top  " '  " 


■Ij'CRUSHlDSTONC BfiC:  I'dlTCOH  TOP  yCmiHeO  jTOhe SAiC:  TBIT COn.  TOP     I  C."CI!UifDSTONf  BA^C .     2 "BIT  COS.  TOP 

17  "Oravel  Foundation  in  Place  9"  Slone  Fill  


Ho  Foundation  Anticipated 


C:;  SECT  ION  in:    ^ 


■i'CPv!»fD  jTCKt eM!:  r'dir.coti  top 
I7"6rayel Foundation  in  Place 


ycPUiUlDSTOHCBiif.    2'BI'COII.  TOP 

9  "Stone  Fill 


''"CRUSHfO  STOr^EBAGT:      2' BIT  COM   TOP" 

12"  Gravel  foundation  in  Place 


iXPuinti>'.,TcN[BiS[.  yeiTccn  top 

ycBU^HrDSTOtlFBiiC;   T SITCOM  TOP 

3"CI>U5Hl'D  none  BA5f;    7'BIT  CON.  TOP 

&  "Gravel Foundation  in  Place 

12" Stone  Fill 

12  "Stone  Fill 

■^''uKAVrL    FILL 

^?      SECTION  W 


i'CUiHimONeBf-V:  7" BIT  con    TOP 

9" Stone  Fill 


b'CBUSHtD  STONE BiiC:    7'BIT(0M.  TOP 


No  Foundation  Anticipated      


J " CRUiHCP  3 TOrlE Bfi.SE;      2" BIT  CON.  TOP 


9' Stone  Fill 

7'CR/>VEl~p7rL' 


I : r  r-i-AN  nt. -_ 

I     i-  CPU5HED  STONE  BASE;     T.    BIT. -CON.   T'lP  I  CASE  Ha  C  ^ 

No  Foundation  Anticipated  draweo  no._  /•S'-CT'?    _ 

Fig.  98  shows  a  design  chart  used  in  Rhode  Island  to  indicate  the  varying  required 
depth  of  macadam  for  construction  purposes.  This  is  an  excellent  example  of  an 
intelligent  effort  to  get  a  well  balanced  macadam  design.  Personally  the  author  has 
never  succeeded  in  exactly  determining  the  limits  of  the  different  depths  before  grading 
operations  were  started  and  is  inclined  to  leave  the  exact  limits  to  the  constructing 
engineer  but  it  is  most  certainly  desirable  to  determine  the  general  character  of  the 
soil  at  short  intervals  at  the  time  the  survey  is  made  by  means  of  test  holes,  or  bar 
soundings  with  gas  pipe  core  samples  at  cut  locations  in  order  to  make  a  rational  esti- 
naate  of  the  amount  of  extra  foundation  course  required  and  in  this  way  provide  the 
constructor  with  an  ample  allowance  of  subbase  for  contingencies. 


Fig.  98. — State  of  Rhode  Island,  information  for  inspectors. 
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Rhode  isi-and  STAtt  boaro  of  Public  Roads 
SPECfAL    INFORMATION    FOR    INSPECTOR        (SKETCHES) 


G  H.  H. 
Cnecrito  or  /7///f 


■9-3-/9 
■9-3-/9 


[<  2'  >j«-j'  M<--  -.--  -■  e' ^- 

Cenfer  Qrad^  I 


-1S 


7|"  4i" 


sm^^"^'^^ -^^..-77..-.^;:;=::^  ■■ \   i 


Stone  Fill  _ 


Typical  Section    to  be  Employed   where  Stone  Fill 
is  called   for  on  Grading    Diagram 


Center  Grade 


Typical  Section  to  be  Employed  where  Stone  Fill 
over  Gravel  is  called  for  on  Grading  Diagram 


T 


t- 


---,),^li-A  Center 
^i\  <,    i^"  Oracle 


Typical  Section  to  be  Employed   where   Gravel 
Foundation  is  called  for  on  Grading  Diagram 


Center 
Crade  \ 


9'- 


i- 9'  • 


-f-./'T^'H 


— ija^^ato-t-i^'to^-" e''c^,;^,^^,T:^  ^ rr 


ii^  '2: 


Typical  Section  to  be  Employed  where  neither 
Gravel  nor  Stone  Fill  are  called  for  on  Grading  Diagram 


•5'-- 


-t- 


'',i,it''t ''""-I 


4j"-'  T  p'(^jravffi}'^'Jridat/on'_ 

K- lb' 4*-~ 2(7'- 

Section    to  be  Employed    across  Longhouse  Fill 


Standard  5  Cobble  Gutter  with  Header 
(See  Section  1?  of  General  Specifications) 


Contract  no.  ./^03 . 

c«sl  No C , 

Drawer  no  _/f  Z^-^ 


Fig.  98A  — Special  detail  information  for  inspectors.     Rhode  Island  practice  (to  accom- 
pany Fig.  98). 
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our  experience  has  not  been  entirely  satisfactory  with  depths  of  less  than 
23-^  in.  where  a  limestone  aggregate  is  used. 

Widths  and  Crown. — Widths  were  discussed  in  detail  in  the  first  book 
of  the  series  and  summarized  in  Chap.  II.  Extra  widening  at  sharp 
curves  is  desirable,  see  Tables  10  to  lOB,  page  70.  Village  street  widths 
are  outlined  in  Appendix  E. 

A  circular  arc  crown  is  a  good  form.  The  total  difference  in  elevation 
between  center  and  edge  of  pavement  is  usually  based  on  ^^  to  }'2  in. 
multiplied  by  the  half  width  in  feet.     For  the  usual  road  16  to  20  ft.  in 


Fig.  99. — Boulder  base  conatruction,  heavy  traffic  road. 

width,  the  slope  of  ^^  in.  per  foot  seems  satisfactory.  For  village  streets 
of  greater  width,  it  is  just  as  well  to  use  the  crown  recommended  for  sheet 
asphalt  pavements  as  given  on  page  315. 

On  sharp  curves  on  rural  highways,  one-way  banking  is  desirable 
except  on  high  fills.  Ordinary  practice  in  regard  to  banking  slopes  is 
given  on  page  211. 

Comparative  Costs. — The  cost  of  one  coat  2i^-in.  bituminous  top, 
using  1.5  gal.  per  square  yard,  will  range  from  $0.80  to  $1  and  a  3-in. 
one-coat  top,  using  1.75  gal.  per  square  yard  from  $1  to  $1.20  a  square 
yard.  The  flush  coat  using  0.4  gal.  per  square  yard  will  add  about  $0.08 
to  the  above  costs.  For  the  purpose  of  comparison  with  macadam,  a 
fair  set  of  prices  is  (1922  cost  conditions) : 

Price  per 
Square  yard 

3-in.  waterbound  macadam  top  course SO. 70 

2J-^-in.  bituminous  top,  one  coat  of  bitumen 0.85 

2j^-in.  bituminous  top,  flush  coat 0.90 

3-in.  bituminous  top,  one  coat  of  bitumen 1 .  00 

3-in.  bituminous  top,  flush  coat 1.10 

Construction  Equipment  and  Methods. — Construction  equipment  is 
to  be  handled  in  detail  in  the  fourth  book  of  this  series.     For  the  benefit 
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of  the  student,  a  short  list  of  machinery  and  usual  methods  were  given 
under  waterbound  macadam.  The  only  addition  for  bituminous 
macadam  is  the  equipment  for  spreading  the  binder  and  seal  coat. 

Bitumen  can  be  spread  bj-  either  hand  methods  or  machine  applica- 
tion. Machine  application  is  generally  used  as  it  is  cheaper.  For  surface 
applications,  machine  distribution  similar  to  Fig.  76,  page  205,  is  superior 
to  hand  work.  For  the  application  of  the  first  coat  or  binder  pour  in 
bituminous  macadam,  careful  hand  spreading  is  really  superior  to  the 
usually  mechanical  spread  although  there  is  one  form  of  mechanical 
spreader  controlled  by  the  Barrett  Company  which  has  the  economy 
advantage  of  machine  spread  and  approximates  quite  closely  the  better 
control  of  the  hand  spread  (see  Fig.  102,  page  242). 

The  successful  application  of  binder  bitumen  depends  on  the  proper 
coating  of  the  coarse  stone  aggregate  on  all  sides  with  the  proper  amount 
of  bitumen.     The  factors  which  cause  irregularity  in  the  result  are  non- 


FiG.  100. — Satisfactory  pour  with  hod  spreaders.  Pouring  sheet  is  nearly  vertical. 
The  sides  of  the  stone  away  from  the  spreader  are  not  as  well  coated  as  on  the  near  side. 
This  is  remedied  on  the  return  trip  of  the  spreader.  Bitumen  poured  at  angle  of  45  degrees 
with  center  line  of  road.  Usual  type  of  heating  kettle  in  foreground.  Can  be  moved 
ahead  without  disturbing  stone.  Five  of  these  heaters  were  used  on  this  job  to  keep 
work  moving  rapidly. 

uniformity  in  the  stone  sizing  and  voids  and  in  non-uniformity  of  spread 
which  can  be  caused  by  overlap,  or  failure  to  lap,  or  by  the  direction  of 
application  of  the  bitumen  and  by  lack  of  control  as  to  the  rate  of  applica- 
tion. Even  with  the  utmost  care,  there  will  be  considerable  variation  in 
the  stone  sizing  and  the  voids  as  spread  and  unless  the  rate  of  application  is 
varied  at  these  unusual  areas,  an  inferior  result  is  obtained.  Hand 
spreading  gives  much  better  control  in  varying  the  rate  for  such  condi- 
tions than  the  usual  mechanical  tank  spread  similar  to  machine.  Fig. 
76,  page  205.     The  mechanical  equipment  shown  in  Fig.  102,  page  242, 
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can  be  manipulated  to  vary  the  spread  nearly  as  well  as  the  hand  spread- 
ing pots  shown  in  Figs.  100  and  101.  The  highest  type  of  intelligent 
labor  should  be  used  for  the  application  of  bitumen. 

Hand  Spreading  Methods. — Hand  spread  requires  that  the  bitumen 
be  shipped  in  barrels  or  drums  which  adds  considerably  to  the  delivery 
price.     The  bitumen  is  heated  in  small  kettles  preferably  of  the  2-barrel 


Fig.  101. — An  e.ramjjle  of  how  not  to  do  it.  Bitumen  too  hot,  note  the  heavy  smoke. 
Asphalt  delivered  in  a  horizontal  sheet  instead  of  in  a  vertical  sheet.  If  these  spouts  were 
turned  90  degrees  so  that  a  vertical  sheet  was  produced,  very  excellent  results  can  be 
obtained.  Figure  95  was  poured  with  this  type  of  pot  with  vertical  delivery  and  it  has 
handled  heavy  traffic  for  10  years  without  developing  objectionable  humps  or  hollows. 

capacity  (Fig.  100)  which  are  fired  with  wood  and  can  be  moved  by  hand. 
A  good  organization  and  equipment  for  hand  application  is  as  follows : 

5  2-bbl.  kettles 
1  10-ton  roller 

4  Spreading  hods  or  pots  with  vertical  slot  delivery. 
Organization 

1  Foreman 

2  Pourers 

5  Kettlemen 

6  General  utility  men  to  open  barrels,  spread  ^4-in.  stone  and  screenings,  move 

kettles,  etc. 

The  coarse  stone  is  spread  in  the  same  manner  as  for  waterbound 
macadam,  and  rolled  moderately  firm  where  asphalt  binder  is  used  and 
with  a  hard  firm  lock  if  tar  binder  is  used.  The  proper  amount  of  rolling 
preliminary  to  the  application  of  the  hinder  is  a  disputed  factor  but  the 
author  has  had  better  results  with  a  firm  consolidation.  The  stone,  how- 
ever, should  not  be  rolled  so  much  that  it  tends  to  break  up  or  powder. 

The  bitumen  is  brought  to  the  proper  temperature  (specified  for  each 
variety)  and  poured  at  an  angle  of  45°  with  the  road  center  line.  The  rate 
of  application  is  gauged  by  keeping  track  of  the  number  of  hods  or  pots 
used  over  a  given  area;  in  a  short  time  the  pourers  become  expert  in 
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judging  the  spread  by  visual  inspection  and  only  vary  slightly  from  the 
required  amount;  for  spreading  the  binder  coat,  the  pots  or  hods  are  held 
close  to  the  surface  of  the  stone;  for  the  seal  coat,  they  are  held  high  and 
the  bitumen  is  spread  in  concentric  arcs  with  the  pourer  standing  in  the 
center  of  the  pavement  and  swinging  the  pot  or  hod. 

After  the  binder  coat  is  spread,  the  surface  of  the  stone  is  covered  with 
a  layer  of  ^^-in.  stone  clips  just  enough  being  used  to  chink  in  the  voids 
of  the  coarse  stone;  the  course  is  rolled  once  to  drive  these  stones  in  and 
interlock  them  with  the  coarse  stone;  continued  rolling  at  this  time  is 
injurious.  The  following  morning,  the  excess  y-'i-in.  stone  is  broomed  off 
and  the  stone  rolled  fairly  well;  if  a  seal  coat  is  used,  it  is  applied  at  this 
time  and  the  screenings  added;  if  no  seal  coat  is  used,  the  screening 
wearing  coat  is  applied  and  the  top  given  a  light  rolling.  The  final 
compaction  can  be  best  obtained  by  rolling  about  two  or  three  times  over 
the  entire  area  every  morning  for  10  days  on  the  back  work.  That  is, 
a  large  amount  of  final  rolling  is  necessary  but  better  results  are  obtained  by 
distributing  it  over  a  number  oj  days  rather  than  attempting  to  do  it  all  at 
once.  The  tendency  on  this  type  of  construction  is  to  underroll  rather 
than  to  overroll  and  this  has  been  the  cause  of  considerable  poor  work. 

Mechanical  Spreading. — ^The  manipulation  of  stone  spreading  and 
rolling  is  the  same  as  for  hand  spreading.  Bitumen  can  be  shipped  in 
cars  which  are  heated  at  the  delivery  point  by  steam  and  the  bitumen  run 
into  the  tank-distributor;  the  tank-distributor  either  is  kept  hot  by 
steam  or  by  oil  burners.  Where  the  cone  nozzle  spread  is  used,  the 
following  quotation  from  the  Barrett  Company's  manual  describes  the 
procedure  of  spreading  (see  Figs.  102  and  103). 

SPREADING  TARVIA 

Many  methods  have  been  devised  for  spreading  hot  liquid  Tarvia  over  the 
wearing-course  after  it  has  been  properly  rolled  and  prepared.  Spreading  from 
a  tank-wagon  through  a  single  atomizing  nozzle,  under  steam  or  air  pressure,  has 
proved  one  of  the  most  efficient  and  popular  forms  of  applying.  The  Tarvia  is 
previously  heated  in  a  tank-car  and  drawn  to  the  work  in  a  tank-wagon.  The 
tank-wagon  is  provided  with  a  fire-box  so  that  if  not  already  hot  enough  the 
Tarvia  may  be  brought  to  the  right  temperature.  About  250°F.  will  be  found 
to  give  the  best  results.  It  is  possible,  however,  to  spray  at  200°F.,  though  this 
is  too  cold  to  give  good  penetration.  On  the  other  hand,  it  is  not  wise  to  heat 
above  250°F.,  especially  in  open  kettles  where  changes  take  place  due  to  the 
evaporation  of  oils. 

The  spreading  of  the  Tarvia,  like  the  spreading  of  the  stone,  must  be  very 
uniform.  The  best  man  on  the  work  should  be  picked  out  for  the  job  of  holding 
the  nozzle  and  care  should  be  taken  that  exactly  the  same  quantity  goes  on  every 
square  yard  of  the  road.  It  is  usual  to  specify  from  IJ-^  to  1^^  gal.  for  application 
over  the  wearing-course.     With  a  little  practice  the  workman  will  be  able  to  put 
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this  on  very  exactly.     The  area  to  be  covered  by  each  tank  should  be  carefully 
marked  off  and  checked  up. 


Fig.   102. — Spreading  binder  with  the  cone  nozzle  mechanical  spreader.     This  is  the  best 
mechanical  device  available  (1922)  for  spreading  binder. 


Fig     103. — Spreading    seal    coat    with    fhu    cone   nozzle  mechanical   spreader.     The  best 
mechanical  device  for  seal  coat  is  shown  in  Fig.  76,  page  205. 

In  spraying  the  workman  should  proceed  at  a  regular  pace  from  one  side  of  the 
road  to  the  other  and  then  immediately  return. 
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The  method  of  holding  the  nozzle  is  important.  The  workman  should  be 
instructed  to  hold  the  center  of  the  nozzle  over  the  edge  of  what  was  coated  on  the 
previous  trip  across  the  road.  By  so  doing  each  particle  of  stone  in  the  road  is 
covered  twice  by  the  spray.  Owing  to  the  cone  shape  of  the  spraying  Tarvia  the 
stone  is  first  coated  on  the  back  side  and  on  the  second  trip  on  the  front  side. 
The  nozzle  should  be  held  about  IS  in.  above  the  surface  and  kept  carefully  at 
this  height.     Other  forms  of  distributing  Tarvia  may  be  used. 

On  small  jobs  the  Tarvia  may  be  heated  in  kettles  and  may  be  put  on  with 
hand-pouring  pots.  In  this  case  great  care  is  necessary  to  insure  even  distribu- 
tion and  only  the  best  workman  should  be  allowed  to  distribute  the  Tarvia. 
Each  barrel  should  be  checked  up  to  see  that  the  correct  area  is  covered. 


Fig.   104.- 


-Tank  car  delivery.     8team  heated  for  discharge  to  distributor  wagon  using 
small  portable  boiler. 


Large  auto  trucks  and  other  devices  are  now  in  the  market  for  putting  on  a 
continuous  coat  of  Tarvia.  These  may  be  used  with  economy  only  on  jobs  of 
large  extent.  They  present  problems  of  their  own  in  distribution,  owing  to  the 
care  necessary  to  make  good  laps  both  in  starting  and  stopping  and  in  joining 
adjacent  strips.  If  the  machine  laps  too  far  it  results  in  putting  on  3  gal. 
to  the  square  yard,  while  if  the  lap  fails  to  be  made  the  stone  is  bare.  In  using  a 
machine  for  the  purpose  too  much  weight  cannot  be  placed  on  the  importance  of 
proper  lapping. 

The  spraying  of  the  seal  coat  is  done  in  the  same  manner  as  the  first  coat 
except  that  the  nozzle  is  held  higher  from  the  surface  (about  3  to  4  ft.).  Each 
part  of  the  road  is  passed  over  twice.  Other  methods  are  applicable.  The  pour- 
ing pot  for  small  jobs.  Auto  truck  sprayers  apply  the  seal  coat  very  satisfactorily 
(see  Fig.  76). 


Where  distributors  of  the  type  shown  in  Fig.  76,  page  205  are  used, 
the  procedure  is  essentially  the  same  as  for  hand  spreading  except  that 
extreme  care  must  be  taken  to  prevent  overlap.  The  machine  must  be  in 
motion  when  the  bituminous  pour  is  started  and  a  uniform  rate  of  speed 
must  be  maintained.  Uniformity  of  spread  can  only  be  obtained  by 
careful  hand  pouring  of  lean  spots  and  the  rate  of  application  must  be 
carefully  checked  up.     Spots  where  an  excess  of  bitumen  occurs  must  be 
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dug  out;  new  stone  placed  and  hand  povu'ed.  This  method  of  spreading 
the  binder  course  is  a  nusiance  to  the  inspector  and  engineer  but  it  is 
cheaper  than  hand  methods  for  the  contractor. 

Inspection  Details. — The  essentials  of  inspection  of  grading,  culverts 
and  foundations  were  given  under  water-bound  macadam  page  217. 

The  main  points  to  be  controlled  in  bituminous  macadam  top  are: 

1.  Proper  size  of  stone. 

2.  Uniformity  of  spread. 

3.  Proper  depth  of  spread. 

4.  Proper  preliminary  rolling  and  truing  up  of  stone  spread. 

5.  Proper  heating  and  spread  of  bitumen. 

6.  Insistence  on  thorough  final  rolling. 

7.  Construction  inspection  records. 

Under  careful  inspection,  a  top  course  of  this  type  is  a  smooth  riding 
road  and  should  not  develop  inequalities  of  surface  of  over  %  in.  in  10  ft. 

Practically  all  the  inspection  items  have  been  discussed  but  for 
convenience  of  readers  who  merely  refer  to  this  paragraph  without  follow- 
ing through  the  preceding  discussion,  the  essentials  will  be  repeated. 

A  uniform  sized  clean  grade  of  coarse  stone  is  important.  One  and 
one-fourth  to  2}i  in.  is  usually  specified  and  the  inspector  must  examine 
all  rail  shipments  during  unloading  and  as  delivered  on  the  road  to  see 
that  not  over  15  per  cent  of  the  stone  as  spread  is  less  than  1)^  in.  in  size. 
Undersized  or  non-uniform  stone  should  be  rejected.  In  spreading  the 
stone,  small  pockets  of  fine  stone  which  always  occur  at  intervals  even 
with  the  best  grade  of  aggregate  must  be  dug  out  and  replaced  with  well- 
graded  aggregate.  The  depth  of  the  loose  spread  must  be  checked. 
The  depth  of  spread  is  usually  regulated  by  cubical  blocks  of  wood  resting 
on  the  subgrade.  The  amount  of  stone  used  can  be  checked  by  railroad 
weights  if  imported  stone  is  used.  For  the  proper  amount  of  coarse 
aggregate,  see  page  234.  After  the  preliminary  rolhng  (see  page  240),  a 
careful  inspection  of  the  course  should  be  made  for  humps  or  hollows. 
This  is  the  proper  time  to  eliminate  such  defects  and  all  inequalities  in  the 
surface  must  be  corrected  by  removing  a  small  amount  of  the  stone  or 
adding  additional  1}4-  to  23'^-in.  size  and  rerolhng.  Inequalities  rnust 
never  he  fixed  hy  the  addition  of  small  sized  stone.  Stone  spread  does  not 
require  continuous  inspection  as  all  faults  can  be  detected  by  examination 
at  any  time  before  the  bitumen  is  applied. 

A  careful  check  must  be  kept  on  the  temperature  of  the  bitumen  as 
overheating  is  very  injurious  and  underheating  spoils  a  free  flowing 
spread.  Temperature  should  be  tested  with  a  thermometer  at  short 
intervals  but  after  a  httle  practice,  the  inspector  can  tell  by  visual  inspec- 
tion whether  the  temperature  is  proper.  If  too  hot,  a  heavy  white  smoke 
develops  on  pouring.     If  too  cold,  the  bitumen  pour  is  a  rubbery  like 
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sheet.  Maximum  and  minimum  temperatures  are  given  in  all  specifica- 
tions and  vary  for  the  material  used.  The  inspector  must  reject  all  over- 
heated material  as  too  many  failures  have  resulted  from  carelessness  in 
overheating.  Hand  and  mechanical  methods  of  spreading  are  described 
page  240. 

In  applying  by  whatever  method,  care  must  be  exercised  to  prevent 
frequent  cases  of  overlap  as  waves  or  humps  develop  at  these  points. 
These  defects  do  not  appear  for  some  time  after  the  road  is  opened  for 
traffic  and  the  inexperienced  inspector  fails  to  realize  the  necessity  for 
care  in  this  particular.  As  soon  as  the  bitumen  is  spread,  the  inspector 
must  examine  the  spread  carefully  and  where  pools  of  bitumen  occur 
(a  few  cases  will  always  occur  even  with  the  greatest  care),  the  entire 
top  course  (stone  and  all)  must  be  removed  and  replaced  with  new  stone. 


1,11-. 


tamped  or  rolled  and  repoured.  Lean  spots  should  be  given  a  little 
extra  bitumen.  The  inspection  of  hituminous  application  must  be  con- 
tinuous and  is  vitally  important  in  the  success  of  the  pavement.  Specifica- 
tions generally  state  that  the  stone  must  be  clean  and  dry.  Bitumen 
should  not  be  spread  if  the  stone  is  dirty  but  practically  a  slight  dampness 
is  not  injurious.  It  should  not  be  wet  but  a  slight  dampness  does  no 
harm ;  a  practical  test  is  that  there  must  be  no  pools  of  water  in  the  bottom 
of  the  course  and  the  stones  must  not  be  so  damp  that  a  hissing  sound  is 
produced  when  the  bitumen  is  applied  at  a  temperature  of  300  tp  340°. 
In  the  writer's  opinion,  the  air  temperature  should  not  be  less  than  50°F., 
as  bitumen  applied  in  cold  weather  is  so  chilled  when  it  strikes  the  cold 
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stone  that  an  excessive  amount  is  retained  on  the  surface.  As  soon  as 
the  bitumen  is  applied  a  thin  layer  of  ^^  in,  stone  is  spread  over  the 
surface  and  rolled  lightly;  continued  rolling  at  this  point  is  injurious,  as 
freshly  laid  bituminous  tops  tend  to  shove  under  the  roller  and  form 
waves.  The  road  can  be  thoroughly  rolled  and  shaped  to  advantage 
only  after  the  bitumen  has  had  some  time  to  harden.  Good  results  have 
been  obtained  by  rolling  thoroughly  the  succeeding  day  after  the  binder 
is  applied,  unless  in  the  meantime  rain  has  saturated  the  course,  in  which 
case  it  must  be  allowed  to  dry  before  rolling.  The  roller  must  not  be 
reversed  suddenly.     It  must  run  easily  to  rest  and  start  gradually. 


Apiilx  iiiji  (lii>i  lo 


luface  of  seal  coat. 


Before  rolling  is  started  the  ^^  in.  stone  should  be  spread  evenly  and  any 
excess  broomed  off. 

The  amount  of  bitumen  spread  per  square  yard  is  usually  controlled 
by  spreading  a  given  number  of  pots  or  hods  or  tanks  in  a  given  length  of 
the  road.  These  units  of  length  can  readily  be  marked  off  by  the  inspec- 
tor with  a  stick  or  tape.  This  method  will  be  satisfactory  if  checked  up 
twice  a  day  by  the  number  of  barrels  used.  When  the  binder  is  heated  in 
small  kettles  it  will  sometimes  catch  fire,  but-  this  is  usually  due  to  scale 
which  has  collected  in  the  tank  and  if  cleaned  out  it  generally  remedies 
the  trouble.  Bitumen  has  different  volumes  at  different  temperatures 
(see  following  table).  The  inspector  should  bear  this  in  mind;  the  rate 
of  application  generally  applies  to  60°F.  so  that  a  correction  is  necessary 
if  tanks  are  rated  by  volume  capacity  at  spreading  temperatures  of  250 
to  350°.  The  simplest  method  of  measurement  and  payment  is  by  the 
pound  or  ton  weight  unit  bases.     A  volume  correction  table  follows. 
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To  400°F.  is  approximately  12  per  cent  volume  increase 
To  350°F.  is  approximately  10  per  cent  volume  increase 
To  300°F.  is  approximately  8  per  cent  volume  increase 
To  250°F.  is  approximately  6  per  cent  volume  increase 
To  200°F.  is  approximately  4  per  cent  volume  increase 
To  150°F.  is  approximately  2  per  cent  volume  increase 
To    60°F.  is  approximately    0  per  cent  volume  increase 

Where  bituminous  materials  are  heated  by  steam  it  is  often  convenient 
to  know  the  temperature  of  steam  at  different  pressures;  the  following 
table  is  inserted  for  this  purpose. 


Pressure 

gauge, 

pounds  per 

square  inch 


Tempera- 
ture of 
steam, 
deg.  F. 


Pressure 

gauge, 

pounds  per 

square  inch 


Tempera- 
ture of 
steam, 
deg.  F. 


Pressure, 

gauge, 

pounds  per 

square  inch 


Tempera- 
ture of 
steam, 
deg.  F. 


151 

213 

100 

1 
328 

200 

382 

20 

228 

120 

341 

220 

390 

40 

267 

140 

353 

240 

397 

60 

293 

160 

363 

260 

404 

SO 

312 

180 

373 

280 

411 

100 

328 

200 

382 

300 

417 

Inspector — John  Doe 


1  Fifteen  pounds  normal  air  pressure;  to  get  ordinary  steam  gage  reading  subtract 
15  lb.  from  the  values  given  in  this  table. 

Inspection  Record  Form 
Name  of  Road — Pittsford-Naples. 
Date— July  21,  1922. 
Engineer — Richard  Roe 
Contractor — John  Smith 

Record  of  Inspection 
Examined  and  approved  Sta.  125  +  50  to  140  +  00. 

Two  depressions  Sta.  135  +  20  and  137  +  30  tilled  in 

with  No.  3  stone  rolled  and  filled. 
Sta.  125  +  50  to  131  +  25  examined  and  approved;  no 

corrections  necessary  for  depth  or  uniformity. 
Sta.  119  to  124  +  10. 

Official  Acceptance         Dated  Jul,y  1,  1922. 
Method — Hand  spread. 
No.  sq.  yd.  covered — 910 
No.  gallons  used — 1,650± 
Rate  of  application — 1.8  gal.  per  square  yard. 
Temperature— Max.  340°,  Min.  290° 


Bottom  Course — 

Top  Course,  Stone  Spread. 
Binder  Coat  (Asphalt) 
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Ail"  temperature  60°  to  80°. 
Seal  coat  None  used  on  this  road. 

Finish  Rolling  Sta.  85  to  90. 

Routine  rolling  90  to  126. 
Remarks 

40  gal.  bitumen  rejected  on  account  of  overheating  small  amount  left  in  one  kettle. 

Signed 

John  Doe. 


General  Maintenance  Methods. — For  detail  methods  and  suitabiKty 
of  materials,  see  Chap.  IV. 

Well-defined  holes  are  repaired  by  digging  out  the  top  course  for  the 
entire  depth  out  to  the  outer  limits  of  the  depression;  squaring  up  the 
edges  and  then  filling  in  with  regular  top  size  stone  1)^-  to  23>^-in,  rolling 
or  tamping,  pouring  with  the  same  type  of  binder  as  the  original  course, 
adding  ^i-in.  stone  and  screenings  as  in  the  original  construction.  Small 
holes  are  repaired  by  filling  in  with  cold  patch  or  screenings  and  oil  and 
surface  pitting  or  livening  of  the  bituminous  binder  is  remedied  by 
surface  oiling  using  an  asphaltic  oil  if  the  binder  is  asphalt  and  a  light  tar 
if  the  binder  is  a  refined  tar.  Shoulders,  ditches,  guard  rail  etc.  are 
routine  procedure  for  all  types  of  road  as  previously  described. 

TYPICAL    SPECIFICATIONS.      PENETRATION  BITUMINOUS  MACADAM   TOP 

COURSE 

52.1.  Under  this  item  the  Contractor  shall  furnish  and  lay  a  broken  stone  top  course 
composed  of  fragments  of  the  specified  sizes,  and  incorporate  therewith  bituminous  material 
introduced  from  the  surface  by  means  of  an  approved  pressure  distributor.  ^ 

52.2.*  After  the  bottom  course  shall  have  been  completed  to  the  satisfaction  of  the 
Engineer,  a  course  of  approved  No.  3  broken  stone  shall  be  evenly  spread  thereon  in  such 
quantity  that  after  the  application  of  the  bituminous  material  and  broken  stone  of  smaller 
sizes,  hereafter  specified,  the  final  compacted  thickness  of  the  top  course  shall  be  as  called 
for  on  the  plans  or  ordered  by  the  Engineer. 

The  No.  3  stone  shall  then  be  rolled  to  a  firm  lock  by  a  self-propelled  roller  weighing 
approximately  10  tons,  after  which  bituminous  material  of  the  kind  specified  in  the  pro- 
posal, heated  to  a  temperature  between  250  and  350  deg.  F.  if  asphalt  is  used,  and 
between  200  and  250  deg.  F.  if  tar  is  used,  shall  be  evenly  spread  over  the  surface. 
The  quantity  of  bituminous  material  to  be  used  in  the  first  application  shall  be  the 
amount  ordered  by  the  Engineer,  which  will  approximate  l^i  gal.  per  square  yard  for  a 
top  course  3  in.  thick,  with  a  proportional  reduction  in  the  quantity  for  thinner  courses. 

The  surface  shall  then  be  immediately  covered  with  a  layer  of  approved  No.  2  broken 
stone,  after  which  it  shall  be  compacted  with  a  self-propelled  roller  weighing  approximately 
10  tons;  during  the  rolling  process,  additional  No.  2  broken  stone  shall  be  applied  and 
broomed  about  until  the  voids  in  the  No.  3  stone  are  entirely  filled.^  The  rolling  shall  be 
continued  until  the  course  of  stone  is  thoroughly  compacted  and  its  surface  is  true  and 
even  to  the  established  grade  and  conforms  in  all  respects  to  the  requirements  specified  for 

'  Hand  spreading  from  pots  or  hods  is  more  satisfactory  for  the  first  coat  but  not  for  the  flush  coat. 
^  No.  3  size  lyi  to  2>^  in. 
No.  2  size  ^i  to  IJ-i  in. 
No.  1  dustless  screenings. 
'Too  much  rolling  is  injurious  while  the  oil  is  hot;  better  results  are  obtained  by  waiting  till  the  next 
day  to  compact;  the  course. should  be  rolled  early  in  the  morning  for  10  days  and  gradually  hardened 
down. 
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finishing  and  testing  the  surface  of  "Top  Course  Bituminous  Macadam,  Mixing  Method — 
Type  1." 

52.3.  After  this  portion  of  the  work  shall  have  been  completed  to  the  satisfaction  of  the 
Engineer,  all  loose  stone  shall  be  swept  from  the  surface  and  a  sealing  coat  of  J-^  gal. 
of  bituminous  material  per  square  yard  shall  be  applied  by  means  of  an  approved 
pressure  distributor.  After  this  it  shall  be  immediately  covered  with  approved  No.  1 
broken  stone,  spread  and  broomed  about  by  e.^perienced  workmen,  and  again  rolled;  the 
rolling  shall  be  continued  and  additional  No.  1  stone  shall  be  applied  until  a  smooth,  uni- 
form surface  is  produced. 

52.4.  Before  being  opened  to  traffic  a  layer  of  No.  1  broken  stone  approximately  }-2  ^^■ 
thick  shall  be  spread  loose  on  the  surface  for  wearing  course. 

52.5.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of  cubic  yards  of 
compacted  material  in  place  in  the  completed  course.  The  amount  to  be  estimated  shall 
be  computed  by  multiplying  the  finished  cross-section  of  the  top  course,  as  shown  upon  the 
plans  or  ordered  by  the  Engineer,  by  the  length  of  the  top  course  measured  along  the  axis 
of  the  pavement. 

The  price  bid  shall  include  the  heating  and  placing  of  the  bituminous  material,  the 
furnishing,  placing,  rolling  and  filling  of  the  broken  stone,  and  all  labor,  materials,  and 
incidental  expenses  necessary  to  complete  the  top  course. 

This  item  shall  not  include  the  furnishing  and  delivery  of  the  bituminous  material;  such 
furnishing  and  delivering  will  be  paid  for  under  the  item  covering  such  material. 

No.  1  broken  stone  or  gravel,  chips  or  screenings  remaining  loose  on  the  surface  after  the 
work  is  completed  shall  not  be  estimated  as  a  part  of  the  depth  of  the  top  course,  but 
payment  for  these  shall  be  included  in  the  price  bid  for  Item  52. 
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CEMENT  CONCRETE  PAVEMENTS 

The  usual  concrete  pavement  is  composed  of  a  series  of  slabs 
separated  by  expansion  and  contraction  joints.  The  concrete  is  generally 
the  same  mix  for  the  entire  depth  although  some  pavements  have  a 
special  rich  surface  mix.  Varying  amounts  of  steel  are  used  in  the 
form  of  dowels,  corner  bars,  tie  bars  and  mesh.  Modifications  of  this 
type  are  constructed  such  as  Hassam  concrete  and  concrete  with  thin 
bituminous  surfaces.  Specifications  on  page  294  summarize  the  detail 
methods  of  construction.  A  large  mileage  of  concrete  pavement  has  been 
constructed  on  rural  highways  within  the  past  few  years  and  has  met 
with   popular  approval. 

From  the  engineering  standpoint,  concrete  pavements  are  an  excellent 
type  for  moderately  heavy  traffic  (2,000  to  5,000  vehicles  daily,  10-hour 


Fig.   107. 


-Modern  cement    concrctt'    |ja\eiiit'nt   on  heavy  traffic  road    (Class  I), 
longitudinal  central  joint. 


Note 


count  in  the  summer  season).  They  have  a  gritty  surface  which  is  safe 
for  high-speed  travel.  They  ride  well  if  carefully  constructed  but  under 
the  usual  inspection  they  are  often  rather  bumpy  and  on  grades  of 
over  5  per  cent  it  is  very  difficult  to  get  a  smooth  riding  pavement  even 
with  the  greatest  care.  They  have  a  bad  glare  in  bright  sunlight  but  are 
easy  to  follow  at  night.  For  village  or  city  streets,  they  do  not  look  as 
well  as  pavements  having  a  more  neutral  color  and  in  case  they  are  used 
on  curbed  streets,  a  high  curb  should  be  designed  to  permit  future 
surfacing  on  top  of  the  concrete.  Concrete  pavements  cost  from  S2.50 
to  $4  per  square  yard  (S3  average)  (1922)  for  new  construction;  the 
maintenance  charge  will  range  from  $0,003  to  $0,030  per  square  yard  per 
year  depending  on  all  sorts  of  conditions  and  the  surface  renewal  charge 
distributed  over  the  life  of  the  pavement  will  probably  average  about 
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$0.10  to  $0.14  per  square  yard  per  year,  1922  cost  conditions.^  They  are 
an  excellent  type  for  the  lower  limit  Class  I  roads  or  the  higher  limit  Class 
II  roads  where  there  is  no  large  percentage  of  steel  tire  traffic  but  from 
an  economic  standpoint  they  should  be  used  with  caution  for  traffic  of 
less  than  1,500  vehicles  daily.  They  are  more  suitable  for  country  high- 
ways than  for  city  or  village  streets  except  alleys. 

Concrete  pavements  give  the  advantages  of  the  rigid  pavement  type 
generally  at  less  initial  cost  than  other  standard  pavements  provided 
care  is  taken  not  to  spend  too  much  on  refinements.  When  surface 
failure  occurs,  they  can  be  used  effectively  as  a  base  for  any  of  the 
standard  paving  surfaces.  The  essential  advantage  of  the  concrete  pavement 
lies  in  its  temporary  use  as  a  surfacing  and  its  comparatively  permanent 
value  as  a  rigid  base.  To  derive  the  most  benefit  from  this  combination 
of  uses,  it  is  necessary  to  avoid  excessive  expenditure  on  refinements 
which  have  only  a  minor  effect  in  increasing  the  life  of  the  surface.  A 
design  which  results  in  a  surface  life  of  8  to  15  years  depending  on  traffic 
volume  seems  rational  for  this  type  considering  the  cost  and  the  doubtful 
success  of  attempting  to  increase  this  period.  This  requires  the  use  of 
excellent  material  and  careful  manipulation  but  it  does  not  require 
laboratory  standards  of  mixing  and  curing  nor  does  it  require  the  extreme 
refinements  of  true  reinforced  concrete  design. 

The  cost  of  concrete  pavements  has  been  gradually  increased  by  vari- 
ous refinements  in  materials,  richness  of  mix,  care  in  curing,  joint  details, 
reinforcement,  etc.  The  object  of  all  the  refinements  above  1:21.^:5 
concrete  suitable  for  paving  base  of  two  course  pavements  is  to 
produce  a  wearing  surface  for  traffic  which  will  serve  satisfactorily  for  a 
reasonable  length  of  time  before  recapping  with  some  standard  form  of 
renewable  surface.  Eventually  all  concrete  roads  will  probably  serve 
as  bases  for  asphaltic  concretes,  brick,  asphalt  block,  stone  block  or  some 
form  of  repairable  surface.  It  seems  probable  that  we  have  about 
reached  the  limit  and  in  some  cases  exceeded  the  limit  of  justifiable 
expenditures  for  additional  refinements  in  design  and  construction.  No 
matter  what  care  is  taken,  spauling  at  joints,  surface  scale  and  pitting, 
vibratory  disintegration  and  weather  action  produce  a  rough  unsightly 
surface  in  a  comparatively  short  time  and  it  seems  good  policy  to  get 
merely  a  reasonably  good  concrete  of  adequate  depth  with  the  idea  of 
resurfacing  as  it  is  needed.  The  practical  limitations  of  materials, 
manipulation,  etc.  to  carry  out  this  general  policy  are  the  subject  of 
considerable  disagreement  but  the  following  data  can  be  used  with 
assurance  of  reasonably  good  results. 

Recommended  Design  (Concrete  Pavements).^ — The  recommended 
designs  represent  conservative  practice.     A  large  mileage  of  thinner  roads 

^  Renewal  costs  based  on  maximum  Vialog  coefficient  of  250  without  excessive 
maintenance  (see  page  150). 
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has  been  built  and  has  served  quite  satisfactorily  for  short  periods  of 
time.  Any  well-constructed  concrete  road  of  63^^-in.  average  depth  or 
more  cannot  be  a  serious  failure  for  if  the  traffic  proves  too  severe  a  test 
for  the  concrete  as  constructed,  it  can  be  protected  and  strengthened  by 
capping  with  some  standard  form  of  surface  which  will  make  the  road 
suitable  for  thelieaviest  modern  loads. 

It  is,  however,  undesirable  to  resort  to  additional  surfacing,  in  too 
short  a  period,  particularly  on  the  score  of  depth  weakness,  and  there 
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Fig.   108. — Recommended  Design  1. 

seems  to  be  considerable  doubt  as  to  the  advisability  of  reducing  strength 
below  the  limits  shown  in  the  following  sections  where  local  traffic  laws 
permit  a  28,000-lb.  gross  vehicle  load. 

These  designs  are  based  on  the  general  line  of  reasoning  outlined  in 
the  discussion  following  the  sample  designs,  and  theory  developed  in 
Chap.  II: 
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Recommended  Design  1.     (See  Fig.  108.) 

Suitability. — Rural  highway  traffic  range  of  4,000  to  6,000  vehicles  daily  (10-hour 

count  in  summer  season)  in  localities  having  a  28,000-lb.  gross  vehicle  load  limit. 
Width. — 20  ft.  constructed  ^-i  at  a  time. 

Crown. — Circular  arc  radius  240  ft.  edge  2}i  in.  below  center  line. 
Concrete.— 1 : 1}^ :  3  mix  with  cement  content  not  to  exceed  1.9  and  crushing  strength 

28-day  age  of  from  3,000  to  4,000  lb.  per  square  inch. 
Transverse  Joints. — M-in.  premolded  asphalt  spaced  33  ft.,  care  being  taken  to  insure 

vertical  position  of  joint.     Joints  to  be  3^2  ^^-  deeper  than  pavement  and  cut  off 

after  completion  of  pavement.     Concrete  to  be  rounded  with  an  edge  radius 

^  in.  on  both  sides  of  joint.     Joints  to  be  backed  with  16-gage  steel  plates  3^  in. 

less  depth  than  pavement  on. grades  of  4  per  cent  or  more  to  insure  vertical 

position.     No  Dowels  or  grooves  at  joints. 

Depth  of  Concrete. — Based  on  Table  23,  page  137. 


Ordinary  soils 

Gravel  or  macadam. 


Outside  Edge, 

Interior  Areai 

Inches 

Inches 

8y4 

7M    , 

7y2 

63^ 

Over  freshly  back-filled  culvert  trenches  over  5  ft.  wide  increase  depth  and  place 

bottom  reinforcement  to  conform  to  culvert  slab  practice. 
Reinforcement. — Combination  of  mesh  and  bar.     Galvanized  mesh  to   weight  not 

less  than  0.4  lb.  per  square  foot  with  the  main  members  having  an  effective  area  of 

not  less  than  0.11  sq.  in.  per  foot  width  of  mesh  and  spaced  not  over  4  in.  c  to  c; 

the  tie  members  to  be  spaced  not  over  12  in.  c  to  c.     Corner  bars  size  and  spacing 

2.4Tf 
based  on  formulae,  S  =       .^      ^i^h  W  =  14,000  lb.  (see  page  127).     Percentage 

area  of  corner  bar  reinforcement  approximately  0.3  of  1  per  cent.     Tie  bars; 
arbitrary  assumption  as  shown. 

Quantities  required  per  100  ft.  of  road  for  this  design. — 

New  Grading  Resurfacing  Jobs 

Concrete,  cubic  yard 47.85  44.77 

Mesh,  square  feet 2, 100  2, 100 

Steel,  pounds 860  860 

Expansion  joints,  linear  feet 00  60 

New  Grading  Resurfacing  Jobs 

Approximate  cost  (1922)  per  .square  yard. 

Concrete .^2.70  .$2.59 

Mesh 0.28  0.28 

Steel 0.10  0.10 

Expansion  joints 0.03  0.03 

Total .13 .  20  $3 .  00 

A  93':^-in.  depth  of  plain  concrete  which  is  equal  in  strength  to  this  design  costs 
approximately  -$3.40  per  square  yard  for  new  grading  conditions. 
Recommended  Design  2.     (See  Fig.  109.) 

Suitability. — Rural  highway  traffic  range  of  1,500  to  4,000  vehicles  daily  (10-hour 
count  in  summer  season)  in  localities  having  a  28,000-lb.  gross  vehicle  load  limit. 
Width. — 18  ft.  constructed  3^  at  a  time. 

Crown. — Circular  arc  radius  200  ft.     Edge  2  in.  below  center  line. 
Concrete. — 1 :  13^:3  mix  with  cement  content  not  to  exceed  1.9  and  ciiishing  strength 
28-day  age  of  from  3,000  to  4,000  lb.  per  square  inch. 
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Tranverse  Joints. — Same  as  Design  1. 

Depth  of  Concrete. — (Based  on  Table  23,'  page  137.) 

Outside  Edge,  Interior  Areas, 

Inches  Inches 

Ordinary  soils 83^  7% 

Macadam  or  gravel 7^^  7 

Over  freshly  back-filled  culvert  trenches  over  5  ft.  wide  increase  depth  and  use  bottom 
reinforcement  to  conform  to  standard  culvert  slab  practice. 
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Plan 
Fig.  109. — Recommended  Design  2. 


Reinforcement. — Bars  only.     Size  and  spacing  of  corner  bars  based  on  formula 


S  = 


2.4TF 


with  W  =  14,000  lb.     Percentage  area  of  corner  bar  reinforcement 


approximately  0.25  of  1  per  cent.     Tie  bars  arbitrary  assumption  as  shown. 
Quantities  per  100  ft.  of  road  for  this  design. — 


Concrete,  cubic  yards 

Steel,  pounds 

Expansion  joints,  linear  feet. 


New  Grading 

Resurfacino  Jobs 

44.44 

41.97 

1,110 

1,110 

54 

54 
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Approximate  cost  (1922)  per  square  yard. 


Concrete 

Steel 

Expansion  joints 
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Total. 


New  Grading 

Resurfacing  Jobs 

$2.83 

$2.63 

0.14 

0.14 

0.03 

0.03 

$3.00 

$2.80 

th  costs  about  $3.30 

per  square  yard. 

A  plain  concrete  pavement  of  equal  strength  costs  about 
Recommended  Design  3.     (See  Fig.  110.) 
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Plan 
Fig.  110. — Recommended  Design  3. 

Suitability. — Rural  highway  traffic  of  less  than  1,500  daily.  For  these  traffic  con- 
ditions a  concrete  pavement  is  rarely  justified  from  an  engineering  standpoint. 
Local  demand,  however,  sometimes  requires  this  type  under  these  conditions  and 
for  the  purposes  of  expediency  it  is  often  desirable  to  meet  the  demand.  Under 
these  conditions  it  is  just  as  well  to  cut  the  first  cost  to  a  minimum  and  design 
the  pavement  with  the  idea  of  recapping  with  asphalt,  etc.,  as  soon  as  it  shows 
the  need.  It  should,  however,  be  made  strong  enough  so  that  an  asphalt  surface 
will  raise  its  strength  to  that  required  for  main  road  loads. 

Width. — 16  to  18  ft.  recommended,  constructed  J^  at  a  time  or  if  full  width  is  con- 
structed at  once  use  submerged  longitudinal  steel  joint. 

Crown. — Circular  arc  radius  200  ft.     Edge  2  in.  below  center  line. 

Concrete. — 1:2:4  mix  with  cement  content  of  not  over  1.7  and  28-day  crushing 
strength  of  2,500  to  3,500  lb.  per  square  inch. 
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Transverse  Joints. — Same  as  Design  1. 

Q^ito  7-in.average  thickness  of  concrete  for  construction  on  new  grading  ordinary  loams 

and  clays  based  on  formula  d  =  \^-^ —  with  W  =  12,000  and  S  =  360  lb.     For 

gravel  soils  or  resurfacing  on  top  of  old  macadam  cut  depth  1 2  in.  })elow  fornmla. 

2AW 
Reinforcement. — Corner  bars  based  on  formula  <S  =       .^    •    Percentage  area  approx- 
imately 0.4  of  1  per  cent. 
Single  side  tie  bar 

Quantities  per  100  ft.  of  IQ-ft.  road  for  this  design. — 

New  Grading     Resurfacing  Jobs 

Concrete,  cubic  yards 34 . 6  32 . 1 

Steel,  pounds...' 820  823 

Expansion,  linear  feet 48  48 

0.5G  lbs.  Mesh  0.25  ^''jie  Bars 

I'/z' below  Surface        ?"Rplnw '^urfacp       Premolded  Expansion 
j'Wn.        .■-'  ...'//Rad.      ^^^rrT,'"    Jo,nfs%'peho'of Width 

'Longii-uclinal  Joints  Concrefeio  be  deepened  and 

^c       4.  •  remforcea  as  per  culvert  slab  practice 

O  e  C  T 1  o  n  ^p^  new  sewer  Irenches  or  over  culverts 

Exaggera+ied  Verfical  Scale      which  have  been  back fri/ed with m 
//  a  short  time 

NOTE'.  Reduce  Depthof  Concrete  I  for  Resident  Streets. 
Transverse  Joints  spaced 33  to 40  feet 

Fig.   111. — Recommended  Design  4. 

Approximate  cost  (1922)  for  design  No.  3.  per  square  yard. 

New  Grading  Resurfacing  Jobs 

Concrete $2.24  $2.08 

Steel 0.12  0.12 

Expansion 0.02  0.02 

Longitudinal  steel  joints 0.04  0.04 

$2.42  $2.26 

Design  4.     (See  Fig.  111.) 

Suitability. — Village  business  street  28,000-lb.  gross  vehicle  load  limit. 
Widths.— Any  desired  total  width  constructed  in  longitudinal  strips  of  from  10-  to 

20-ft.    width.     Longitudinal    joints  painted   with   bitumen.     Expansion   along 

gutter  line  and  at  intervals  of  33  to  40  ft.  across  road. 
Crown. — Circular  arc  producing  depth  of  edge  below  center  line  as  shown  on  charts, 

page  315. 
Cn7-b. — 7-in.  high  to  permit  future  surfacing  of  asphaltic  concrete  or  thin  block. 
Concrete. — 1:13-^:3  mix  with  cement  content  of  not  to  exceed  2.0  and  crushing 

strength  28-day  age  of  3,000  to  4,000  lb.  per  square  inch. 
Transverse  Joints. — %  in.  premoulded  asphalt  spaced  33  ft.     Special  care  to  keep 

straight  and  at  right  angles  to  curbs. 
Depth  of  Concrete. — 73^-in.  uniform  on  loams  and  clays.     6^^-in.  uniform  on  gravels 

and  coarse  sands. 
Reinforcement. — Same  as  Design  1  except  direction  of  main  members  of  mesh  which 

are  at  right  angles  to  the  direction  shown  in  Design  1,  where  longitudinal  joints 

are  more  than  12  ft.  apart. 
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Mesh. — To  weigh  not  less  than  0.56  lb.  per  square  foot  and  to  have  an  effective 
area  of  0.14  sq.  in.  per  foot  width.  Corner  bars  0.3  of  1  per  cent  of  section  area 
for  30  in.  back  from  corners. 

Summary  of  Current  Practice. — The  tabulation,  page  258,  gives  a 
quick  means  of  noting  the  essential  features  of  current  practice.  This 
table  was  compiled  by  the  Portland  Cement  Association  in  1922.  The 
typical  sections  following  show  standard  sections  of  various  design : 

Materials. — The  materials  required  are  cement,  gravel,  stone  or  slag, 
sand  or  screenings,  water,  expansion  joints,  reinforcement  and  joint 
plates. 

Cement. — The  requirements  of  the  Portland  cement  have  been  quite 
well  standardized  and  the  required  quality  can  be  obtained  without  much 
difficulty.     All  cement  should,  however,  be  tested  and  approved  before  use. 

Cement  specifications  are  given  in  Appendix  A,  page  550. 

Cement  tests  are  described  in  Appendix  A,  page  536. 

Gravel  and  Broken  Stone  Aggregate. — The  essential  qualities  of  the 
coarse  aggregate  are  that  it  be  a  clean,  hard,  well-graded  size  crushed  rock 
or  screened  gravel  product. 

Where  trap  rock  and  the  harder  granites  are  available,  the  minimum 
hardness  requirement  for  crushed  stone  is  generally  placed  at  French 
coefficient  of  8  (5  per  cent  of  wear).  Where  the  hmestones,  hard  sand- 
stones and  granite  hardheads  are  the  most  feasible  source  of  supply,  the 
minimum  French  coefficient  can  be  dropped  to  7  (6  per  cent  of  wear)  with 
very  good  results.  In  exceptional  cases  a  value  as  low  as  6  (7  per  cent 
of  wear)  has  been  used  with  moderate  success  but  anything  below  7  is 
risky  for  this  type  of  pavement.  The  pavement  is  expensive  and  it  is 
poor  policy  to  use  inferior  materials  which  reduce  the  effectiveness  of  the 
result.  The  standard  gravel  abrasive  test  giving  a  15  per  cent  wear  is 
about  equivalent  to  a  5  per  cent  wear  of  crushed  stone  Deval  test  (see 
Appendix  A,  page  505). 

A  graded  size  is  desirable  but  it  is  not  feasible  to  pay  too  much  atten- 
tion to  this  factor.  Current  practice  favors  a  maximum  size  of  2)^  to  2^<l 
in.  and  a  minimum  of  }<2  in.  for  a  small  percentage  of  the  product.  The 
3^^-in,  size  should  not  exceed  25  per  cent  of  the  total  coarse  aggregate 
which  should  be  well  graded  between  the  }^-  and  23^-in.  limits. 

Typical  aggregate  specifications  are  given  in  Appendix  A,  pages  537 
and  545. 

Typical  tests  of  stone  are  described  in  Appendix  A,  page  505. 

Slag  Aggregate. — Crushed  blast  furnace  slag  has  been  given  attention 
as  a  substitute  for  stone  and  gravel  as  in  some  localities  its  use  materially 
cheapens  the  pavement.  There  has  been  considerable  doubt  as  to  the 
effect  of  slag  in  combination  with  cement.  The  slag  concrete  roads  which 
have  had  service  tests  in  conjunction  with  the  laboratory  extending  over  a 
considerable  period  indicate  that  a  tough,  strong  concrete  can  be  con- 
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structed  of  properly  selected  slag  and  that  this  concrete  is  not  weakened 
by  chemical  action  due  to  the  slag  aggregate.  Road  concrete  constructed 
of  slag,  however,  tends  to  pit  on  the  surface  due  to  a  small  percentage 
of  pumice  in  the"  aggregate  and  this  is  unsightly  at  best.  Slag  concrete 
pavement  serves  the  traffic  quite  satisfactorily  and  in  certain  instances  it 
can  be  used  to  advantage  but  engineers  as  a  rule  prefer  stone  or  hard 
gravel  for  most  conditions  of  material  supply.  Slag  aggregate  is  entirely 
satisfactory  for  concrete  paving  bases.  Slag  should  weigh  at  least  1,800 
lb.  per  cubic  yard  and  have  a  test  per  cent  of  wear  of  not  exceeding  12  per 
cent  (Standard  Slag  Abi'asion  Test). 

Sand. — The  sand  used  should  be  a  hard,  clean,  well-graded  sand  free 
from  organic  impurities  and  containing  only  a  small  percentage  of  loam 
or  silt.  A  hard,  sharp,  graded  sand  which  does  not  pulverize  under  rolling 
pressure  or  water  slack  is  essential. 

The  sizings  usually  specified  are  as  follows.  (Percentages  are  by  dry 
weight) : 

Per  Cent 

100  passing  3^^-in.  sieve 
20  minus  passing  No.  50  sieve 
6  minus  passing  No.  100  sieve 
5  minus  loam  and  silt. 

Sand  and  cement  mixed  in  the  same  proportion  required  for  pavement 
must  develop  at  least  as  much  strength  as  standard  Ottawa  sand  and 
cement  mixed  in  the  same  proportions. 

In  exceptional  cases  rock  crusher  dust  can  be  substituted  for  a  part  or 
whole  of  the  natural  sand  aggregate  but  under  the  usual  conditions  of 
material  supply  this  expedient  should  be  used  with  caution  (see  Speci- 
fications, Appendix  A  and  Sand  Tests,  Appendix  A). 

Water. — Water  shall  be  free  from  silt  and  organic  matter  and  shall  not 
show  a  strong  alkaline  or  acid  reaction.     (See  Appendix  A  for  tests.) 

Expansion  Joint — The  premoulded  type  is  the  most  practicable 
form  for  good  work;  the  required  properties  and  tests  are  given  in 
Appendix   A.  ' 

Joint  Plates. — Straight  steel  or  corrugated  steel  plates  No.  14  or  16 
U.  S.  gage  with  flange  on  the  bottom  punched  for  spiking  to  the  grade  are 
as  good  a  form  as  can  be  used.  Sixteen  gage  is  thin  enough  (see  Figs. 
114  and  115).  It  is  believed  that  the  straight  plate  is  superior  to  the 
grooved  or  corrugated  form  which  tends  to  increase  the  liability  of 
spauling. 

Factors  of  Design. — The  main  factors  of  design  are  richness  of  mix; 
reinforcement  and  joint  details.  Manipulation  methods  covering  time 
of  mix,  care  in  curing,  joints,  etc.,  are  discussed  under  Specifications, 
Inspection  Details  and  Appendix  F. 
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Richness  of  Mix. — Richness  of  mix  affects  beam  strength,  resistance 
of  the  pavement  sm'face  to  abrasion  and  the  imperviousness  of  the  sur- 
face, seepage  and  disintegration  due  to  frost  action.  Road  concretes  in 
ordinary  use  (1922)  range  from  1 : 2 : 4  to  1:3^:3  mix  with  cement  contents 
of  from  1.6  to  2.1  bbl.  per  cubic  yard  of  concrete. 

While  beam  strength  is  slightly  increased  by  added  richness  of  mix, 
this  factor  has  very  little  weight  in  the  final  decision  as  there  is  no  well- 
defined  advantage  of  greater  unit  strength  and  less  depth.  The  decision 
in  regard  to  mix  rests  on  its  effect  on  abrasion  and  the  porosity 
of  the  concrete.  That  is,  richness  above  1: 21^:5  is  entirely  depend- 
ent on  the  production  of  a  longer  surface  life  before  the  pavement 
needs  recapping.  On  this  basis  of  reasoning,  it  is  certainly  not  desirable 
to  increase  the  cost  over  that  required  for  1 : 2)^ :  5  mix  by  more  than 
$0.10  to  $0.15  per  square  yard  for  each  additional  year  of  surface  life. 
A  mix  of  1:212^^^  (1.25  bbl.  of  cement  per  cubic  yard)  taking  traffic 
directly  is  not  satisfactory  or  economical  under  even  moderate  traffic  and 
even  where  such  a  surface  is  given  a  light  protective  coat  of  oil  and 
screenings,  it  rarely  lasts  over  3  to  5  years  before  a  surface  of  asphaltic 
concrete  or  standard  block  is  necessary.  A  considerable  mileage  of 
1:2:4  concrete  pavements  (1.6  to  1.7  bbl.  of  cement  per  cubic  yard) 
have  demonstrated  their  ability  to  withstand  moderate  traffic  up  to 
3,000  rubber  tired  vehicles  daily  (10-hour  count  in  summer)  for  a  reason- 
able term  of  years  (6  to  12)  before  recapping  is  desirable.  The  increased 
cost  of  this  mix  over  and  above  the  1:2}4:5  mix  is  most  certainly  justified 
as  it  amounts  to  approximately  0.1  bbl.  per  square  yard  or  in  money  about 
$0.30  per  square  yard  initial  cost  which  probably  adds  at  least  5  years  to 
its  surface  life.  In  actual  practice  under  the  usual  inspection  and  batch- 
ing procedure,  considerable  variation  of  mix  will  occur  which  produces 
occasional  areas  of  concrete  which  are  not  a  true  1:2:4  mix.  There  have 
been  enough  failures  of  small  areas  apparently  due  to  porosity  using  this 
mix  to  warrant  a  slight  increase  in  richness  to  offset  construction  imper- 
fections on  even  moderate  traffic  roads  and  on  heav}^  traffic  roads  a 
1:13''^:  3  mix  is  apparently  justified  to  increase  density  to  withstand 
traffic  pounding.  The  average  life  of  such  pavements  cannot  yet  be  set 
and  will  vary  greatly  due  to  different  traffic  and  excellence  of  construc- 
tion but  they  seem  to  be  about  as  an  expensive  a  mix  as  is  desirable.  A 
cement  content  of  over  1.9  bbl.  per  cubic  yard  is  of  doubtful  value  and 
seems  a  waste  of  money  except  possibly  on  village  pavements.  This  is 
not  a  needless  caution  as  the  cement  factor  has  been  steadily  rising  and 
while  from  the  standpoint  of  the  material  industries,  it  is  desirable  to  sell 
all  the  cement  possible,  it  is  poor  engineering  to  use  a  needless  amount. 
The  latest  expedient  is  to  call  a  sack  of  cement  0.95  cu.  ft.  in  place  of 
1.0  cu.  ft.,  which  raises  the  cement  factor  about  5  per  cent. 

Tentative  conclusions  in  regard  to  richness  of  mix  may  be  expressed  as 
follows: 
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For  light  and  moderate  traffic  roads  up  to  3,000  vehicles  daily,  a  mix 
of  approximate  1  :l^i  :3'j>2  with  an  average  cement  content  of  not  to 
exceed  1.7  bbl.  per  cubic  yard  ought  to  give  satisfactory  results  provided 
the  batching  scheme  prevents  individual  batches  varying  more  than  7 
per  cent  from  the  average.  (This  is  a  reasonable  limit  of  variation 
under  modern  specifications.)  This  mix  should  show  a  28-day  age 
compressive  strength  of  from  2,500  to  3,500  lb.  per  square  inch. 

For  the  heavier  traffic  roads  (3,000  to  6,000  vehicles  daily)  a  mix  of 
approximately  1:1^:  3  with  a  cement  content  of  not  to  exceed  1.9  ought 
to  give  satisfactory  results  and  appears  to  be  economically  justified. 
This  mix  should  show  tests  of  3,000  to  4,000  lb.  at  28  days. 

The  following  table  shows  Abram's  proportions  for  3,000-lb.  concrete; 
it  is  an  excellent  general  guide  but  considering  the  wide  range  in  aggregate 
sizes  as  delivered,  it  is  impracticable  to  cut  the  proportioning  too  fine. 
For  explanation  of  fineness  modulus  method  of  proportioning  mix,  see 
Appendix  F. 

Abrams'  Table  of  Proportions  and  Quantities  for  1  Cu.  Yd.    of  Concrete 

Based  upon  laboratory  investigations,  using  approved  materials,  compressive 
strength,  28  days,  with  workable  plasticity,  6-  by  12-in.  cylinders,  3,0001b.  per  square 
inch. 
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Abrams'  Table  of  Proportions  and  Quantities  for  1  Cu.  Yd.  of  Concrete — 
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AMOUNTS  OF  MATERIAL  REQUIRED 

Amount  of  Water. — The  amount  of  water  required  will  vary  with  the 
natural  dampness  of  the  loose  aggregate,  its  sizing  and  the  cement 
content  of  the  mix.  For  the  usual  1 :  l}i:S  concrete  having  a  good  work- 
able consistency  the  use  of  from  30  to  40  gal.  per  cubic  yard  is  about 
right.  Either  excessively  dry  or  sloppy  concrete  is  undesirable.  Some 
specifications  describe  slump  tests  to  determine  consistency  (see  page 
264).  Such  clauses  are  undoubtedly  desirable  in  case  of  dispute  but  for 
ordinary  construction  operations  visual  inspection  is  sufficient.  The 
concrete  should  be  plastic.  That  is  it  should  not  be  so  wet  that  the 
mortar  and  stone  separate  when  dumped  or  so  wet  that  after  rolling  and 
finishing  free  water  runs  off  the  surface  and  drips  off  the  forms.  It  is 
desirable  for  the  mortar  to  flow  slightly  as  this  produces  a  denser  concrete 
with  the  usual  amount  of  manipulation  obtained  under  ordinary  working 
conditions.  Theoretically  fairly  dry  concrete  is  stronger  than  the 
plastic  mix  but  if  a  mix  is  so  dry  that  it  requires  unusual  care  in  spreading, 
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tamping  and  spading  the  actual  result  day  after  day  is  not  as  satisfactory 
as  where  the  plastic  mix  is  used. 

Sprinkhng  subgrade  takes  from  )^  gal.  per  square  yard  to  1}^  gal.  for 
dry  sand  per  square  yard  of  pavement. 

Curing  concrete  takes  from  10  to  30  gal.  per  square  yard  if  properly 
done  depending  on  weather  conditions  and  time  of  year.  For  the  effect 
of  curing  on  strength,  see  Appendix  F. 

The  total  amount  of  water  all  purposes  will  range  from  20  to  40 
gal.  per  square  yard  ordinary  depths  of  concrete  or  from  70  to  150  gal. 
per  cubic  yard  of  concrete. 
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Slump  Test  Values. — For  purposes  of  defining  the  limits  of  allowable 
consistency  in  the  specifications  the  Slump  Test  Definition  is  probably 
desirable.  The  standard  test  is  described  in  Appendix  A,  page  541. 
According  to  Prof.  Abrams  of  Lewis  Institute  the  following  range  will 
produce  satisfactory  consistency. 

Machine  finishing  methods 1-  to  2-in.  slump 

Hand  finishing  methods 3-  to  4-in.  slump 

Reinforcement  and  Joints. — The  use  of  steel  in  concrete  pavements 
is  a  comparatively  recent  development.  Figures  112  to  116  show  the 
different  methods  in  use  at  present  (1922).  The  wide  variation  in  type, 
location  and  function  of  the  steel  as  used  indicates  conclusively  that  there 
is  no  certain  knowledge  as  to  the  exact  value  of  reinforcement  in  pave- 
ment design. 

It  is  conceded  that  the  use  of  some  steel  is  practically  and  economically 
justified  for  the  purposes  of  equalizing  construction  imperfections  in  the 
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concrete,  to  prevent  interior  cracks  from  spreading  apart,  to  strengthen 
corners  for  cantilever  load  stresses  and  shear,  and  possibly  to  help  keep 
adjacent  slabs  at  the  same  elevation  and  distribute  wheel  loads  across 
joints.  There  is,  however,  considerable  doubt  as  to  the  wisdom  of  the 
use  of  the  amount  of  steel  shown  in  some  recent  designs.  Central  areas 
of  slabs  are  indeterminate  in  design  as  there  is  no  way  of  telling  how 
they  are  stressed  under  the  fluctuating  conditions  of  traffic  loads  and 
subgrade  support.  It  is  uneconomical  to  attempt  to  increase  the  slab 
strength  of  central  areas  by  the  use  of  steel  as  a  true  reinforcement. 
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The  design  of  depth  for  a  pavement  where  reinforcement  is  used 
differs  from  that  of  plain  concrete.  The  assumptions  for  the  design  of 
plain  concrete  slabs  are  quite  rational  and  definite,  namely:  The  greatest 
stress  is  produced  by  a  live  load  at  the  extreme  corner  of  a  slab;  if  the 
slab  is  designed  of  uniform  strength  throughout  and  made  strong  enough 
to  resist  corner  failure,  the  pavement  should  serve  well  even  though 
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internal  cracks  occur  and  the  elimination  of  such  cracks  is  not  of  much 
importance  except  on  the  ground  of  appearance.  These  assumptions, 
however,  require  the  use  of  a  needless  amount  of  concrete  in  internal 
areas  where  cracks  do  not  develop.  If  internal  cracks  can  be  eliminated 
or  reduced  to  an  infrequent  occurrence,  it  is  evident  that  the  use  of  steel 
at  corners  tends  to  produce  a  slab  of  more  uniform  resistance  and  makes  it 
possible  to  reduce  the  required  thickness  of  concrete.  From  an  economic 
standpoint,  it  is  therefore  desirable  to  use  some  steel  for  the  purpose 
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of  increasing  corner  strength.     The  rational  and  sure  use  of  steel  at 

corners  with  thinner  concrete  depends  on  the  control  of  internal  cracking. 

The  successful  use  of  steel  requires  the  subdivision  of  the  pavement 

into  slabs  of  such  size  that  their  integrity  can  usually  be  preserved  under 
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the  action  of  traffic  and  frost.  It  is  undesirable  to  reduce  the  size  of 
slab  below  the  maximum  feasible  size  as  additional  joints  introduce 
additional  corners  which  are  points  of  weakness  and  more  wear  occurs  at 
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joints  from  spalling,  etc.     A  small  sized  slab  also  tends  to  rock  under 
eccentric  loading. 

The  decision  in  regard  to  spacing  of  contraction,  expansion  and  longi- 
tudinal joints  should  reduce  internal  cracking  to  negligible  frequency. 
If  transverse  joints  are  provided  at  intervals  of  about  30  to  35  ft.  and 
longitudinal  joints  are  provided  for  each  8  to  10  ft.  of  pavement  width,  we 
know  from  experience  that  we  are  providing  for  controlled  cracks  which 
correspond  with  the  natural  cracking  tendency  of  concrete  under  frost 
and  traffic  action.     That  is,  the  adoption  of  this  system  of  joints  gener- 
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Fig.  116. — New  York  State  (1923  standard)  concrete  pavement. 

ally  eliminates  frequent  internal  cracks  provided  the  pavement  has 
sufficient  depth  of  handle  traffic  loads.  This  system  of  subdivided  slabs 
with  depths  of  7  to  8  in.  of  concrete  will  practically  eliminate  internal 
cracks  and  if  the  corners  are  reinforced  enough  to  prevent  corner  cracks 
for  these  depths  we  have  a  fairly  rational  design.  This  can  be  done 
by  corner  reinforcement  (see  Chap.  II).  It  is  undesirable  to  reduce 
the  thickness  below  the  depths  shown  in  Table  23.  The  proper  use  of 
corner  reinforcement  and  tie  bars  around  the  slabs  apparently  justifies  a 
reduction  in  average  thickness  of  the  concrete  of  about  1  to  13^2  i^-  under 
that  required  for  a  plain  concrete  slab. 
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This  saving  justifies  a  maximum  expenditure  of  about  $0,045  per 
square  foot  (1922  costs)  for  steel  or  about  1.0  to  1.5  lb.  of  steel  per  square 
foot.^  This  amount  is  not  often  necessary  or  advisable.  The  use  of 
approximately  0.5  to  0.8  lb.  per  square  foot  apparently  gives  a  rational 
and  economical  result  for  most  cases  and  this  amount  is  most  certainly 
a  good  investment  considering  pavement  cost. 

The  use  of  steel  in  pavements  may  be  briefly  summarized  as  follows. 
Figures  108  to  111  show  typical  systems  of  reinforcement  which  appear 
logical. 

Mesh  and  Bar  Types  of  Reinforcement. — The  mesh  type  having 
small  unit  members  and  close  .spacing  is  probably  more  effective  than 
bars  for  equalizing  construction  imperfections,  temperature  and  moisture 
stresses.  It  can  be  placed  closer  to  the  surface  of  the  pavement  with 
less  probability  of  chipping  of  the  concrete  than  bar  reinforcement. 
Theoretically,  it  has  very  little  effect  as  a  true  tension  reinforcement  but 
its  use  seems  beneficial  in  reducing  longitudinal  cracks  in  wide  slabs. 
It  is  particularly  useful  on  wide  street  pavements  where  it  seems  undesir- 
able on  account  of  appearance  to  divide  the  pavement  into  narrow  strips. 

The  bar  type  is  better  to  hold  adjacent  slabs  in  contact  after  a  crack 
occurs  and  bars  can  be  more  scientifically  arranged  to  give  the  most 
effective  result  where  an  effort  is  made  to  use  steel  as  a  true  tension 
reinforcement.  Bars,  however,  must  be  placed  farther  below  the  surface 
(at  least  2  in.)  and  they  are  not  very  effective  as  a  true  tension  reinforce- 
ment where  the  pavement  depth  is  less  than  7  to  8  in.  Bars  can  be  most 
effectively  used  as  corner  reinforcement  and  as  ties  around  the  outer 
edges  of  the  slabs.  Where  used  as  ties,  they  are  effective  for  any  depth 
that  may  be  adopted. 

Where  the  bars  are  used,  they  are  generally  assembled  into  mats  and 
tied  together  to  insure  proper  spacing  and  elevation  in  the  concrete. 
Theoretically,  this  may  be  desirable  but  it  requires  additional  isolated 
tie  bars  which  have  very  little  practical  value.  Personally,  the  author 
has  never  experienced  any  difficulty  in  placing  bars  by  hand  sufficiently 
close  to  their  proper  location  provided  the  reinforcement  is  all  in  the  same 
horizontal  plane.  The  man  placing  the  steel  must  be  intelligent  but  his 
wage  is  more  than  offset  by  the  saving  in  the  labor  of  manufacturing  the 
mats  and  in  the  saving  of  unnecessary  tie  bars. 

The  typical  recommended  sections  Figs.  108  to  111  assume  that  the  bars 
are  placed  by  hand  and  are  not  wired.  If  it  is  desired  to  use  the  mat  form, 
add  tie  bars  at  the  longitudinal  laps. 

Corner  Reinforcement. — Figure  42,  page  114,  shows  graphically  the 
effect  of  different  percentages  of  steel  on  modulus  of  rupture;  as  discussed 
in  Chap.  II,  it  is  probably  not  desirable  to  raise  the  design  tension  value 
above  65  per  cent  of  the  modulus  of  rupture  for  28-day  concrete. 

1  Mesh  is  an  expensive  form  of  reinforcement  and  should  be  used  only  on  the 
heaviest  type  of  pavement. 
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There  are  two  formulae  that  can  be  considered  in  approximating  the 
amount  of  reinforcement  in  corners.  These  formulae  given  in  Chap.  II, 
page  127,  are  as  follows. 

2.6TF  r.       2.QW 
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Formula  1  is  the  one  adopted  for  plain  concrete  and  assumes  approxi- 
mately 85  per  cent  of  the  wheel  load  carried  by  the  corner.  Number  2 
assumes  approximately  66  per  cent  of  the  wheel  load  carried  by  the 
corner.  Formula  2  assumes  the  use  of  dowelled  or  grooved  joints  to  help 
transmit  the  load  across  the  joint.  Formula  1  is  on  the  safe  side  and  as 
there  is  considerable  doubt  as  to  the  practical  effectiveness  and  desirability 
of  dowelled  joints  it  seems  the  more  rational  formula  to  use.  For  an  8-in. 
depth  of  1:1  }4: 3  concrete  pavement  on  a  main  road  in  states  having  a 
statuatory  limitation  of  28,000-lb.  gross  vehicle  load,  the  design  wheel  load 
plus  impact  is  approximately  14,000  lb.  and  the  value  of  *S  becomes 

2.6  (14,000) 


S 


=  580  lb. 


A  design  tension  value  of  580  lb.  requires  at  least  0.25  to  0.3  to  1  per 
cent  reinforcement.  The  corner  reinforcement  shown  in  Fig.  108  is 
based  on  this  assumption. 

In  a  similar  manner  the  following  table  is  constructed.  It  is  merely 
intended  as  a  rough  guide  as  the  final  decision  rests  on  cut  and  try 
methods  under  actual  traffic  tests. 

Table  29. — Approximate  Percentage  of  Corner  Reinforcement 


Dpptli  of  pavement, 

Design  wheel  load  {W)  in  pounds  including  impact,  allowance 

inclies 

8,000 

14,000 

20,000 

6 

7 
S 
9 

0.3 
0.0 
0.0 
0.0 

Not  suitable 
0.4 
0.25 
0.0 

Not  suitable 
Not  suitable 

0.5 

0.35 

Table  29A. — Area  of  Steel  in  Square  Inches  per  Foot  Width  of  Slab 
(Corner  Reinforcement) 


Depth  of  pavement. 

Design  wheel  load  (W) 

inches 

8,000 

14,000 

20,000 

6 

7 
8 
9 

0.22 

0.34 
0.24 

0.48 
0.38 
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Most  coiner  cracks  occur  at  a  distance  of  less  than  23^^  ft.  from  the 
corner  so  that  if  corner  reinforcement  with  the  effective  area  given  in 
these  tables  is  provided  for  a  distance  of  2.5  ft.  back  from  the  corner,  it 
is  apparently  a  safe  design.  The  recommended  reinforcement  layout  of 
Fig.  108  is  based  on  this  assumption.  A  convenient  size  for  corner 
reinforcement  bars  is  ^i  or  }-2  in. 

Side  Bars. — The  use  of  some  kind  of  a  tie  around  the  outer  edges  of 
the  slabs  is  quite  uniformly  approved.  Bars  are  effective  in  reducing 
spread  of  cracks  which  may  develop.  They  increase  the  distribution  of 
load  across  internal  cracks  by  holding  the  parts  in  close  contact  and  by 
dowel  action.  They  should  be  strong  enough  to  resist  wheel  load  shear 
after  the  crack  forms.  They  have  practically  no  effect  in  increasing 
strength  or  in  the  prevention  of  the  formation  of  cracks.  Convenient 
sizes  in  general  use  are  3^-^-  or  ^^-in.  bars  (see  Figs.  113,  114  and  118). 

Dowels. — The  advocates  of  the  use  of  dowel-pin  connections  between 
adjacent  slabs  believe  that  such  construction  (see  Fig.  113,  page  264) 
keeps  adjacent  slabs  at  the  same  elevation  and  reduces  the  load  carried 
by  the  slab  corner.  The  sizes  and  spacing  in  ordinary  use  are  shown  in 
Fig.  114;  the  dowels  are  coated  with  bitumen  or  wrapped  in  paper  or 
encased  in  pipe  to  permit  movement  at  transverse  joints.  There  is 
comparatively  little  trouble  in  the  matter  of  equal  level  of  adjacent 
slabs  where  the  joints  are  smooth  and  vertical  (see  Fig.  131).  The  few 
cases  which  occur  due  to  defective  construction  can  be  easily  remedied. 
Personally,  the  author  does  not  favor  the  idea  of  attempting  to  produce 
a  50  percent  distribution  across  construction  transverse  joints  by  means  of 
dowel  connections.^  It  is  doubtful  if  pin  or  groove  joints  can  be  construc- 
ted which  permit  contraction  and  expansion  and  yet  are  still  very  effective 
in  permanently  transmitting  load.  It  is  believed  that  it  is  a  better  gen- 
eral principle  of  design  to  make  the  corners  self-supporting  by  means  of 
corner  reinforcement,  the  action  of  which  is  reasonably  sure. 

The  recommended  designs  Figs.  108  to  111  are  based  on  this  principle 
of  design. 

Joint  Details. — It  is  desirable  to  reduce  the  number  of  joints  to  a 
minimum  as  they  are  generally  the  weak  points  in  construction;  they 
also  tend  to  spall  due  to  rub  and  traffic  pounding.  Also  enough  joints 
must  be  used  to  permit  a  rational  use  of  steel.  Less  spall,  however, 
occurs  at  well-defined  joints  with  rounded  edges  and  a  complete  smooth 
separation  of  adjacent  blocks  than  at  natural  contraction  cracks  or  where 
the  submerged  type  of  joint  is  used. 

The  treatment  of  expansion  and  contraction  is  the  source  of  very  wide 
disagreement  among  engineers. 

1  Tie  bars  at  internal  cracks  are  effective  in  producing  distribution  across  such 
cracks  as  no  expansion  or  contraction  need  be  provided  at  these  points  where  the  road 
is  constricted  with  transverse  joints  every  33  ft. 
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Expansion. — Some  very  excellent  practice  ignores  expansion  on  the 
ground  that  the  stress  produced  is  well  under  the  working  stress  of  con- 
crete in  compression  and  that  it  is  cheaper  to  repair  infrequent  blow-ups 
due  to  expansion  than  to  spend  the  necessary  money  for  expansion  joints. 
(Expansion  joints  cost  about  0.08  to  SO.  12  per  linear  foot  of  joint  and  their 
use  increases  the  pavement  cost  about  $0,023^^  to  0.04  per  square  yard.) 
Personally,  the  author  believes  that  all  joints  should  be  both  expansion 
and  contraction  joints  and  that  it  is  not  wise  to  omit  them. 

Expansion  produces  a  stress  of  approximately  13  lb.  per  degree  of 
temperature  where  no  movement  occurs  and  produces  an  elongation  of 
free  end  slabs  of  approximately  0.008  in.  per  100  ft.  of  road  per  degree  of 
temperature.  For  the  extreme  range  of  temperature  in  northern  cli- 
mates, expansion  probably  does  not  produce  a  compressive  stress  in 
excess  of  1,000  lb.  per  square  inch  where  expansion  joints  are  not  used. 
This  stress  will  not  cause  failure  of  the  concrete  but  is  sufficient  to  cause 
buckling  or  blow-ups  under  certain  conditions.  Expansion  joints  permit 
the  free  expansion  of  the  individual  slabs  and  prevent  internal  stresses. 
The  space  to  be  provided  depends  on  the  range  of  temperature  expected; 
for  northern  climates  with  a  maximum  of  perhaps  80  degrees  above  the 
temperature  of  construction,  an  allowance  of  approximately  ^:4  in.  per  100 
ft.  is  necessary  and  1  in.  per  100  ft.  is  not  excessive.  Where  joints  are 
placed  every  33  ft.,  a  joint  thickness  of  %  in.  is  a  good  allowance;  this 
corresponds  with  ordinary  practice.  Such  joints  are  of  the  premolded 
type.  It  is  essential  that  they  be  constructed  in  a  vertical  plane  to 
prevent  rising  of  slabs  along  the  joint  due  to  expansion  pressure.  It  is 
also  essential  that  a  complete  separation  of  slabs  is  obtained;  that  is,  the 
bitumen  must  extend  from  bottom  to  top  of  the  pavement  and  from 
edge  to  edge. 

It  is  not  difficult  to  keep  these  joints  vertical  on  level  grades  provided 
reasonable  care  is  exercised  as  described  in  the  specifications.  On  grades 
of  4  per  cent  or  more,  however,  it  is  advisable  to  back  them  up  on  the 
down  hill  side  with  16-gage  steel  plates  as  shown  in  Fig.  115. 

Transverse  Contraction  Joints. — While  it  seems  advisable  to  make  all 
transverse  joints  combined  expansion  and  contraction  joints  spaced  about 
33  ft.,  there  is  considerable  tendency  to  increase  the  distance  between 
expansion  joints  to  100  to  300  ft.  and  to  provide  intermediate  submerged 
contraction  joints  at  intervals  of  30  to  70  ft.  Such  joints  are  generally  14- 
or  16-gage  steel  plates  cut  }4  less  depth  than  the  pavement.  The 
concrete  is  screeded  and  finished  continuously  over  these  joints  and  con- 
traction produces  a  more  or  less  jagged  crack  over  the  top  of  the  plate 
which  tends  to  spall  more  under  traffic  than  the  rounded  edge  expansion 
joint;  the  argument  for  these  joints  is  based  on  a  smooth  riding  pavement 
but  there  seems  to  be  no  well-defined  basis  of  fact  in  this  contention; 
these  steel  plates  cost  about  the  same  as  a  ^^-in.  premoulded  joint. 
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Table    23. — Comparison    of    Recommended    Theoretical    Depths    of    Cement 

Concrete  Bases  for  Different  Pavements  under  Different  Maximum 

Loads  on  Different  Soils 

(In  Inches) 

Note. — The  last  column  gives  prevailing  practice  in  base  depth  for  each  type 
(1919  to  1922). 


Recommended  depths  of  cement  concrete  bases  based 
fied    corner    load    formula    d  =  P  A/"^ 

on  modi- 

Pavement 

3J^-ton  truck  16,000- 
Ib.  gross  load 

5-ton  truck  22,000- 
Ib.  gross  load 

7-ton    truck    28,000- 
Ib.  gross  load 

Current 

practice 

1919- 

Ordinary 
subsoils, 
inches 

Gravel  or 

macadam 

inches 

Ordinary 

subsoils, 

inches 

Gravel  or 

macadam, 

inches 

Ordinary 

subsoils, 

inches 

Gravel  or 
macadam 
sub- 
soils, 
inches 

1923, 
inches 

Plain  concrete: 

(1:  1>^:3  mix) 

7.2  &7.8 
7.6  &  8.2 

6.5  &  7.0 
6.9  &  7.4 

7.9  &  8.8 
8.4  &  9.2 

7.2  &  8.0 
7.6  &  8.3 

8.7  &  9.7 
9.2  &  10.0 

8.0  &  8.8 
8.4"'&  9.1 

6  to  10 

Plain  concrete: 

(1:2:4  mix) 

Reinforced  concrete  (mesh 
and  bar): 
Central     longitudinal 
joint  (1:11.^:3  mix). 

6.3  &  6.9 

6.0  &  6.4 

6.7  &  7.5 

6.2  &  6.8 

7.3  &    8.2 

6.5  &  7.3 

Reinforced  concrete  (cor- 
ner and  exterior  tie 
bars  only): 

Central     longitudinal 
joint  1 :  13'^  :3  mix.  . 

1:2:4  mix. .      .     . 

6.5  &  7.0 
6.9  &  7.4 

6.0  &  6.4 
6.4  &  6.8 

7.0  &  7.8 
7.4  &  8.2 

5.0 

6.3  &  7.1 
6.7  &  7.4 

7.7  &    8.5 
8.1  &    9.0 

7.0  &  7.7 
7.4  &  8.1 

5  to  9 

Monolithic     brick     4-in. 
brick     on     1:1>^:3 
concrete  base 

4.5 

4.0 

4.5 

6.0 

6.5 

4.0 

2-in.    to    3-in.   Asphaltic 
concrete  on  concrete 
base : 

(1:3:6  mix) 

(1:2H:5  mix) 

2-in.    Asphalt    block    on 

cement  concrete  base: 

(1:2J.^:5  mix) 

6.5 
6.0 

6.5 

6.0 
6.0 

6.0 

7.0 
6.5 

7.0 

6.3 
6.0 

6.3 

7.5 
7.0 

7.6 

6.8 
6.3 

6.8 

5  to  8 
5  to  8 

4-in.  Brick  (mastic  joint 
filler)  on  cement  con- 
crete base' 
(1:3:6  mix) 

6.8 
6.5 

6.2 
6.0 

7.6 
7.0 

6.9 
6.3 

8.3 
7.8 

7.6 
7.1 

(1:2H:5  mix) 

6  to  8 

4-in.  Brick  {cement  grout 

filler): 

(1:3:6)  concrete  base . 

(1:2>^:5)    concrete 

base 

5.5 
5.2 

5.0 
5.0 

6.1 
5.7 

5.5 
5.2 

6.7 
6.3 

6.2 
6.7 

5  to  8 

5-in.  Scone  block:  Cement 

5.2 

5.0 

5.7 

5.2 

6.3 

6.7 

(1:2^:5)    concrete 
base 

5  to  7 

Note:  Where  two  depths  are  given  the  smaller  is  for  interior  areas  and  the  larger  for  exterior  edge 
depths.     Where  one  is  given  it  applies  to  interior  areas. 

Typical  recommended  Pavement  Sections  showing  details  are  given  in  Chap.  Ill  under  the  discus- 
sion of  each  type  of  pavement.  The  object  of  this  table  is  to  give  a  tentative  basis  of  estimating  the 
amount  of  materials  and  the  cost  per  square  yard  for  the  different  types  suitable  for  different  maximum 
load  conditions. 

Table  23  in  conjunction  with  Table  17,  page  100,  provides  a  means  of  computing  reliable  comparative 
cost  estimates  for  all  ordinary  standard  types  based  on  equal  strength. 
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Longitudinal  Joints. — There  are  two  general  types:  the  submerged 
steel  plate  where  the  entire  width  of  pavement  is  constructed  at  one  time 
(see  Fig.  115,  page  266)  and  the  plane  of  separation  joint  where  the  pave- 
ment is  constructed  in  successive  strips.  The  second  is  the  better  method 
as  a  better  line  and  denser  edge  is  secured.  With  the  submerged  joint,  the 
concrete  along  the  center  steel  is  often  porous  due  to  lack  of  care  in 
manipulation;  this  condition  cannot  be  observed  and  remedied  as  well 
as  where  the  pavement  is  constructed  in  successive  strips;  in  the  second 
method,  a  dense  edge  is  insured  as  when  the  forms  are  stripped,  it  is 
easy  to  detect  and  correct  carelessness  in  spading  along  the  edge.  It  is 
important  to  get  a  dense  impervious  concrete  along  these  joints  as  water 
is  bound  to  seep  in  and  the  concrete  is  subjected  to  its  greatest  strain  at 
this  location. 

Design  Details. — Design  details  consider  depth,  width,  crown  and 
detail  arrangement  of  joints  and  reinforcement. 

Depth. — The  design  of  depth  was  discussed  in  Chap.  II  and  summa- 
rized in  Table  23  which  is  repeated  on  page  272  for  convenience. 

Width.^ — Concrete  pavements  on  rural  roads  range  from  9  to  20  ft.  in 
width.  Single  track  9-ft,  pavements  are  of  doubtful  value  for  if  a  road 
has  enough  traffic  to  warrant  the  concrete  type  of  pavement,  it  certainly 
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Fig.   117.— State  of  Illinois  1923  standard. 

warrants  greater  width.  These  single  track  concrete  roads  have  not 
been  at  all  satisfactory  in  localities  with  which  the  author  is  familiar. 
Widths  of  18  or  20  ft.  seem  the  most  logical  for  conditions  which  make 
concrete  suitable  on  rural  highways.  Extra  width  on  curves  was  dis- 
cussed in  the  first  volume  of  the  series  and  the  results  summarized  in 
this  volume,  page  71.  Current  practice  in  this  matter  is  indicated  in 
Fig.  lOA,  page  71,  of  this  book.  The  widths  of  village  streets  are  dis- 
cussed in  Appendix  E.  Alleys  in  business  districts  should  be  at  least 
18  ft.  wide;  in  resident  sections  at  least  16  ft. 

Crown. — There  are  two  popular  shapes  of  the  crown  curve,  Parabolic 
and  Circular.     The  parabolic  is  easier  to  figure  and  for  narrow  rural 

18 
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pavements  of  18  ft.  or  less  in  width  which  can  be  struck  off  by  a  single 
templet  there  is  no  objection  to  this  type  of  curve.  For  wider  pavements, 
particularly  for  street  work,  the  circular  arc  is  probably  better  as  a  single 
templet  can  be  used  for  the  successive  strips  without  danger  of  inequalities 
in  the  crown.  Street  crowns  made  up  of  a  curved  central  portion  and 
inclined  plane  sides  are  to  be  avoided  as  while  this  is  an  easy  form  to 
construct,  it  does  not  look  well  as  it  gives  the  appearance  of  a  sag  in 
the  crown.  The  circular  arc  crown  is  probably  better  adapted  to  all 
conditions. 

The  difference  in  elevation  between  the  center  line  of  the  pavement 
and  the  edge  or  gutter  line  varies  with  width  and  grade.  The  adopted 
height  of  crown  depends  on  convenience  for  traffic  and  appearance.     On 
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Fig.   118. — Typical  state  standards  (1923),  cement  concrete  roads. 

rural  highways  for  widths  up  to  20  ft.,  usual  practice  ranges  between 
}/'s  in.  per  foot  of  half  width  to  3-^^  in.  per  foot.  A  total  crown  of  2  in. 
for  16,  18  or  20  ft.  total  width  of  pavement  serves  very  well.  This 
requires  a  crown  radius  of  from  200  to  250  ft. 

On  wider  pavements  and  village  streets,  the  range  in  standard  practice 
is  shown  in  Figs.  137A  to  1375,  page  315.  Super-elevation  and  shoulder 
and  ditch  grading  were  discussed  in  the  first  book  of  the  series.  Standard 
practice  is  indicated  by  Fig.  79,  page  211. 

In  alley  work  a  crown  slope  towards  the  center  of  3^^  in.  per  foot  is 
satisfactory.  Alleys  generally  drain  toward  and  along  the  center  line 
with  pick-up  catch  basins  at  short  intervals. 
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Detail  Arrangement  of  Reinforcement  and  Joints. — See  Figs.  108  to 
118,  pages  252  to  274. 

Construction  Equipment. — Equipment  is  to  be  covered  in  detail  in  the 
third  book  of  the  series.  Excellent  suggestions  in  regard  to  detail  equip- 
ment can  be  obtained  from  the  Portland  Cement  Association  on  request. 
For  the  benefit  of  short-course  students  the  following  condensed  list  of 
equipment  and  illustrations  gives  a  rough  idea  of  usual  practice. 

Grading,  culvert  and  rail  shipment  unloading  apparatus  the  same  as 
for  macadam  construction,  pages  214  to  225. 


PAVEMENT   CONSTRUCTION 

The  pavement  is  mixed  by  two  general  methods.  Mixing  machine 
on  grade  with  dry  batch  delivery  or  central  mixing  plant  with  wet  batch 
delivery.     The  first  method  is  the  more  common  method  and  is  generally 


Fig.   119.- 


-Sand  batching  by  volumetric  hoppers  with  quick  discharge  to  small  trucks 
carrying  a  .single  batch  of  concrete  (dry  batch  delivery). 


more  satisfactory  from  an  engineering  standpoint.  This  method  requires 
a  good  batch  mixer  equipped  with  a  timing  device  and  having  a  capacity 
of  preferably  a  three  bag  or  larger  batch.  It  can  have  either  a  spout  or 
boom  and  bucket  delivery  but  the  boom  and  bucket  is  generally  the 
better  method.  The  batches  are  proportioned  at  the  source  of  material 
supply  which  may  be  either  one  central  depot  located  at  the  railroad 
unloading  point  or  local  pit  or  they  may  be  stock  piles  distributed  along 
the  road.  The  proper  amounts  of  stone  and  sand  for  each  batch  can  be 
measured  in  a  number  of  ways  so  long  as  a  definite  control  of  quantity  is 
secured.  They  consist  of  some  form  of  measuring  box  easily  filled  and 
quickly  discharged  or  transferred  into  the  truck  or  train  which  trans- 
ports the  material  to  the  mixer.     The  batches  are  carried  to  the  mixer 
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either  by  teams,  large  or  small  trucks  or  narrow  gage  railroad,  depending 
on  the  size  of  the  job  and  the  general  conditions  of  hauling.  For  ordinary 
jobs  in  ordinary  topography  with  some  heavy  grades  transportation  by 
light  Ford  trucks  carrying  from  1  to  2  batches  each  trip  has  proved  very 
satisfactory  for  the  following  reasons.  These  trucks  if  equipped  with 
pneumatic  tires  make  good  speed;  they  do  not  cut  up  the  grade  and  if  a 

^   Wafer Qupplt/  Line^ 


Sfeel  Forms, 


I A  -Foreman 
IB  '  Engineer  of  Mix  er 
IC  -  Fireman 
ID  -  Bakh  Opera  for 
IE  -Sub-Grader 
4-F- Concrete  Disfribufors 
and  placing  of 
Rci  nforcemcnf  and  Jain  is 


4G  -Shike  Board  Opera  hrs^  Tampers, 

Rollers  and  Belferj 
IH -Wafer  Bail 

21- Form  Seffers  af  least  200  ahead  of  Mixer 
IJ-  Truck  Dump  Operator 
2  H- laborers  fo  cover  Pavement  with  Earth 

and  keep  Covering  Wet 
2L  -  ''^en  assembling  Bar  Reinforcemenf 


Fig.    120. — Typical  organization. 

single  truck  is  laid  up  for  repairs  it  does  not  seriously  curtail  the  output. 
Turntables  are  often  used  on  the  grade  near  the  mixer  to  save  time  of 
truck  manipulation.  Water  is  supplied  to  the  mixer  and  for  curing 
purposes  by  a  pipe  line.     The  above  sketch  and  list  of  equipment  on 
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Fig.  121. —  Modern  mixer  with  timing  device,  automatic  water  gauge,  caterpillar  trac- 
tion, loom  and  adjustable  bucket  spreading  lip.  Picture  shows  dry  batch  delivery  with  5-ton 
trucks,  four  batches  to  a  truck. 

the  grade  is  taken  from  a  pamphlet  of  the  Portland  Cement  Association 
modified  slightly  and  gives  a  good  idea  for  ordinary  procedure.  This  of 
course  will  be  varied  somewhat  on  each  job. 
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ORDINARY  EQUIPMENT 

1,300  to  1,500  lin.  ft.  of  steel  forms  with  necessary  pins,  line  sledges 
etc.  for  setting,  necessary  shovels  and  spades. 

1  standard  mixer  (preferably  boom  and  bucket). 

1  subgrade  tester. 

1  expansion  joint  header. 

1  screed. 

1  belt  or  board  for  finishing. 

2  toggle  joint  long-handled  floats  for  finishing. 
1  split  float  for  joints. 

1  hand  float  for  special  work. 

1  broom  for  final  finish;  burlap  cover. 

250  ft.  mixer  hose. 

250  ft.  sprinkling  hose. 

Necessary  pipe-line  equipment  which  means  a  supply  of  about  35  to 
40  gal.  per  minute  with  a  pressure  of  about  50  lb.  per  square  inch  at  the 
delivery  point  for  a  3-bag  batch  machine. 


liaiiical  finishing  machiii 


Wire  knippers  and  cold  chisel  for  cutting  reinforcement. 

Inspection. — Effective  inspection  becomes  increasingly  important 
for  the  rigid  types  of  pavement.  The  following  quotation  from  a  paper 
by  J.  H.  Wasson  emphasizes  in  an  effective  way  the  necessity  for  careful 
inspection : 

Let  us  assume  $1  as  the  unit  invested  in  a  concrete  pavement  and  then  determine  how 
the  road  value  received  from  this  investment  is  affected  by  inefficient  inspection.  Table 
30  will  illustrate  what  is  meant. 

In  Table  30  I  have  listed  the  more  common  shortcomings  in  concrete  pavement 
construction  and  have  given  the  estimated  effect  of  each  on  the  finished  product.  One  or 
more  of  these  are  very  apt  to  be  found  on  any  poorly  inspected  job.  These  values  will  vary 
of  course. 
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Amount 
invested  in 
pavement 


Deficiency 


Effect  in  per 
cent  on 
strength 

and  quality 
of  slab 


Road  value 
received 

per  dollar 
invested 


Cumulative 
road  value 

received 
per  dollar 

invested 


.00 
.00 
.00 
.00 
.00 


$1.00 

$1. 

$1 
$1 


.00 
.00 
.00 


None 

}-^  in.  shy  in  depth 

45  sec.  mix  instead  of  60  sec 

Too  much  water  2-in.  to  6-in.  slump 
8  per   cent  reduction  in  amount 

cement  specified 

Sand  content  increased 

Stone  content  decreased. 

Improper  finish 

Insufficient  curing 

Uneven  riding  surface 


None 

12.5 

6.0 

10.0 

8.0 
6.0 

4.0 
10.5 
15.0 


$1.00 
0.875 
0.94 
0.90 

0.92 
0.94 

0.96 

0.895 

0.85 


$1.00 
0.875 
0.815 
0.715 

0.635 
0.575 

0.535 

0.43 

0.28 


The  real  significance  of  the  possible  loss  due  to  poor  inspection  may  be  seen  by  consider- 
ing the  amount  invested  to  be  $27,000  or  about  the  cost  of  1  mile  of  pavement.  When  the 
factors  in  the  last  column  of  the  table  given  above  are  applied  it  can  be  seen  that  although 
the  mile  of  pavement  cost  $27,000  its  actual  road  value  may  be  only  $18,045  or  even  less. 
In  other  words,  while  the  cost  per  mile  may  vary  but  a  few  per  cent,  the  road  value 
received  by  the  public  per  mile  or  per  square  yard  may  vary  100  per  cent  or  more.  There  is 
no  question  but  what  from  the  standpoint  of  road  value  received,  incompetent  inspection 
on  the  job  is  the  most  expensive  thing  that  can  be  placed  in  a  concrete  pavement,  while 
well  paid,  competent  inspection  is  the  cheapest  thing  that  can  be  placed  in  a  pavement. 

Inspection  Details.  Subgrade. — The  earth  subgrade  must  be  uniform 
and  well  compacted.  There  is  a  tendency  to  underroll  subgrades  for 
concrete  pavements.  The  policy  of  plowing  or  harrowing  and  smoothing 
off  the  grade  just  ahead  of  laying  the  pavement  cannot  be  too  strongly 
condemned.  The  practice  of  last  minute  small  fills  to  true  up  the  grade 
is  very  poor  practice  as  they  never  can  be  compacted  as  well  as  the  balance 
of  the  grade.  It  is  much  better  practice  to  permit  minor  inequalities  in 
the  grade  and  require  all  trimming  after  the  forms  are  set  to  be  cuts. 
The  idea  of  strict  uniformity  of  depth  with  payment  on  the  basis  of  net 
concrete  section  is  responsible  for  a  large  number  of  cracks  as  it  encourages 
loose  dirt  fills  to  prevent  loss  of  concrete.  It  is  much  better  practice 
to  pay  the  contractor  for  sand,  cement  and  stone  as  separate  items  and 
to  stipulate  maximum  and  minimum  depths  with  an  allowance  of  10  per 
cent  over  the  net  area  to  take  care  of  grade  inequalities;  under  these  condi- 
tions the  fine  grade  can  be  completed  and  well  compacted  and  the  con- 
crete beds  down  on  a  uniform  hard  grade. 

New  fills  are  the  greatest  source  of  rigid  pavement  failures.  Where  the 
pavement  is  to  be  laid  the  same  year  as  graded,  extreme  care  must  be 
exercised  for  fills  of  over  1  ft.  deep.     Fills  less  than  a  foot  deep  can  be 
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constructed  in  one  lajer  and  satisfactorily  compacted  by  teaming  and 
rolling;  the  underlying  grade  must  however  be  broken  up  for  fills  of 
6  in.  or  less  to  produce  a  good  bond  and  uniformity  of  compaction. 
Fills  over  a  foot  deep,  must  be  spread  in  layers  not  exceeding  8  in:  loose 
and  completely  compacted  before  the  next  layer  is  spread.  This  means 
real  compaction  not  bunk.  Each  layer  should  be  as  hard  as  the  usual  top 
finished  subgrade.  This  can  be  better  accomplished  by  well-distributed 
teaming  than  by  rolling  and  for  long  fills  does  not  generally  introduce 
much  difficulty  so  long  as  each  layer  is  started  nearest  the  source  of  supply 
and  each  team  drives  over  the  entire  length  of  fill  both  full  and  empty. 
For  short  deep  fills  it  is  often  necessary  to  keep  a  team  with  a  partial 
load  traveling  up  and  down  the  fill  all  the  time  in  lieu  of  a  roller. 

Where  fills  will  have  a  chance  to  settle  for  a  year  18-in.  layers  are 
allowable  and  no  extreme  care  in  compaction  is  required.  If  wet  weather 
occurs  during  the  construction  of  a  fill,  all  mud  must  be  removed  before 
the  next  layer  is  deposited,  as  internal  layers  of  mud  dry  out  very  slowly 
and  are  always  the  source  of  trouble.  In  many  cases  fills  3  ft.  deep  have 
to  be  removed  and  the  mud  excavated  after  3  to  4  months  time.  It  is 
a  distinct  money  saver  to  the  contractor  to  be  particular  in  regard  to  this 
matter.  Before  work  is  stopped  each  night,  the  fill  should  be  roughly 
shaped  up  to  shed  water  and  the  surface  compaction  completed. 

Subbase. — Subbase  is  rarely  required  under  a  concrete  pavement,  it 
being  better  policy  to  deepen  the  concrete.  Where  quicksand  or  muck 
is  encountered,  however,  subbase  is  required  of  sufficient  depth  to  pro- 
vide a  grade  which  can  be  compacted  with  a  standard  roller;  subbase 
under  concrete  pavements  should  be  coarse  pit  run  gravel  deposited  in 
6-in.  layers  and  consolidated  by  teaming  or  rolling.  Boulder  stone  base 
is  not  satisfactory. 

Manipulation  of  Concrete.  (Inspection  details). — The  following 
quotation  from  N.  Y.  Instructions  (1923)  outlines  the  main  points  to 
be  considered  in  connection  with  the  pavement: 

One  Course  Plain  and  Reinforced  Concrete 

The  fundamental  requirements  to  be  followed  in  Ijuilding  a  plain  or  reinforced  concrete 
pavement  according  to  our  Standard  Specifications  are: 

1.  Properly  prepared  subgrade. 

2.  Thorough  and  complete  drainage  system. 

3.  Full  depth  of  pavement. 

4.  Full  cement  content. 

5.  Clean  and  well-graded  aggregates. 

6.  Proper  proportioning  of  aggregates. 

7.  Accurate  water  measurement. 

8.  Mixing  interval  to  be  least  one  minute. 

9.  Placing  reinforcing  material  as  specified. 

10.  Proper  compaction  of  concrete. 

11.  Staking  joints  securely  and  placing  them  exactly  perpendicular. 

12.  Finishing  at  the  proper  time  and  according  to  specifications. 

13.  Curing  for  the  full  period  called  for  in  the  specifications. 
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The  surface  of  this  type  of  pavement  can  be  made  even  and  true  and  free  from  waves, 
irregularities  and  uneven  joints.  When  defects  are  found,  they  are  the  result  of  lax 
inspection  and  poor  workmanship. 

Preliminary  Preparation. — Before  starting  to  lay  the  concrete  pavement,  the  inspector 
must  see  that  the  contractor  has  his  concrete  mixer,  subgrade  tester,  roller  and  belt  or 
finishing  machine,  split  float  and  bridge  for  finishing  at  joints,  straight-edge,  template  for 
reinforcement,  edging  tools,  stone  forks,  charging  conveyances  (of  uniform  size),  measuring 
boxes,  steel  bulkheads,  forms,  pins  for  staking,  striking  template,  reinforcing  fabric  in  flat 
sheets,  expansion  joint  material  in  straight  full  or  half  lengths,  covering  canvases  and  forms 
for  same.  The  mixer  must  be  equipped  with  timing  and  water  measuring  devices,  as  well 
as  satisfactory  charging  skip  and  discharging  chute  or  bucket  as  specified.  It  is  necessary 
that  all  this  equipment,  tools  and  material  be  first  class,  and  approved  by  the  Division 
Engineer  before  the  work  of  placing  concrete  wearing  surface  may  be  started  and  that  they 
be  kept  in  first  class  condition  during  the  progress  of  the  work. 

Aggregate. — The  fine  and  coarse  aggregate  shall  be  well  graded  clean  products, 
which  have  been  tested  and  approved  by  the  Engineer  of  Tests,  before  being  used  in 
the  work.^  Field  tests  must  be  made  daily  for  sizing,  loam  content  and  organic 
impurities.  The  inspector  must  watch  carefully  the  materials  as  they  are  delivered  to 
the  work  and  in  the  case  of  rail  shipments  must  have  an  understanding  with  the  con- 
tractor that  he  must  be  notified  in  order  that  the  cars  can  be  inspected  for  acceptance 
or  rejection  before  unloading.^ 

Each  material  must  be  kept  clean  and  not  allowed  to  become  mixed  with  dirt  and 
other  materials.  Fine  aggregates  must  be  shoveled  and  coarse  aggregates  forked 
from  the  tops  of  the  piles  in  order  to  minimize  the  chances  of  picking  up  dirt.  Aggre- 
gates that  cannot  be  forked  or  shoveled  clean  must  be  rejected. 

Frequent  visits  should  be  paid  to  sand  pits  and  quarries,  especially  those  in  which 
there  are  questionable  materials.  In  stone  quarries,  consideration  must  be  given  to 
stripping  and  the  disposal  of  unsatisfactory  waste.  Screen  openings  must  be  checked 
and  the  proper  facilities  adopted  that  will  insure  a  thorough  mixture  of  sizes. 

Cement  must  be  carefully  stored  and  kept  dry.  Under  no  conditions  shall  it  be 
placed  on  the  ground.  Samples  of  each  car,  when  not  tested  at  the  plant  in  accor- 
dance with  instructions,  must  be  sent  to  the  laboratory.  Pending  a  report  the  cement 
cannot  be  used. 

Forms. — Forms  shall  be  erected  only  after  the  subgrade  has  been  properly  pre- 
pared. The  subgrade  tester  shall  be  operated  from  these  forms  in  accordance  with 
the  specifications  to  insure  the  proper  depth  for  the  pavement  at  all  points.  The 
subgrade  tester  must  remain  at  the  mixer  at  all  times  and  must  be  used  at  each  move 
of  the  mixer.  This  stipulation  not  feasible.  It  is  better  to  check  the  grade  for  a 
hundred  feet  ahead  of  the  mixer  and  then  correct  any  synall  rutting  due  to  teaming  or 
moving  the  mixer  by  eye.  A  tester  iinder  the  mixer  boom  is  an  abomination.  It 
must  always  be  used  in  a  vertical  position  and  when  being  moved  shall  not  be  raised 
from  the  side  forms.  A  string  level  should  never  be  used  in  setting  side  form.  A 
suitable  true,  straight  edge  and  three  (3)  foot  carpenter's  level  must  be  used  and  the 
level  must  be  checked  for  accuracy  by  reversing  it. 

Only  straight,  substantial,  and  clean  forms  shall  be  used.  Wood  forms  should 
only  be  used  for  curves  of  less  than  150-ft.  radius.  All  unsatisfactory  or  rejected 
forms  shall  be  removed  from  the  work. 

Wooden  forms  must  be  used  on  curves  of  150-ft.  radius  and  less.  Sawcuts  shall 
be  made  at  frequent  intervals  to  obtain  the  necessary  true  curvature. 

All  forms  must  be  oiled  or  greased  each  time  before  use.  Straightening  must  be 
done  whenever  necessary. 

^  See  Appendix  A  for  test  methods. 

2  Central  batching  from  large  stock  is  generally  specified  to  prevent  dirty  aggregate. 
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Forms  must  be  set  accurately  and  substantially.  Poor  line  and  grade  are  not 
only  annojdng  in  appearance  but  they  result  in  uneven  surfaces  and  indicate  careless 
work.     Forms  shall  be  protected  against  any  disturbances  such  as  dumping  materials. 

The  subgrade  must  be  brought  to  a  true  elevation  and  rolled  to  a  width  of  at 
least  eighteen  (18)  inches  outside  of  the  form  line.  The  practice  of  blocking  up  forms 
on  stones  where  the  subgrade  is  low  and  afterwards  tamping  a  loose  dirt  fill  inside 
and  along  the  form  must  never  be  allowed.  If  the  subgrade  is  found  to  be  too  low 
after  forms  are  placed,  they  must  be  removed,  the  subgrade  brought  to  the  proper 
elevation  and  rolled  for  the  required  width  before  the  forms  are  finally  reset  to  a  full 
and  even  bearing  on  the  subgrade. 

Two  hundred  feet  on  both  sides  must  be  set  at  all  times  in  advance  of  the  mixer. 
There  shall  be  string  line  stretches  on  one  side,  then  checked  by  eye  in  order  to  detect 
any  irregularities.  Special  attention  should  be  given  to  joints  in  forms  and  when 
tops  of  forms  do  not  coincide  at  these  points,  the  forms  should  be  rejected.  Short 
curves  and  parts  of  the  tangents  should  be  laid  out  at  the  same  time  in  order  to  get 
an  intelligent  check.     Middle  ordinates  for  various  lengths  of  chords  for  the  different 

i  or 5  "Bolh  spaced  12  "c.  h  c.  threaded mfh  Nufs  and  Washers 
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curves  should  be  at  command,  in  order  to  eliminate  kinks  and  uneven  curves.  A  line 
of  forms  shall  be  securely  staked  to  this  string  line  and  then  the  opposite  side  placed. 
Care  must  be  used  to  get  the  proper  width  and  elevation  for  opposite  forms. 

Curves  shall  be  widened  and  super-elevated  in  accordance  with  standards  when 
indicated  on  the  plans. 

Grades  as  shown  on  plan  shall  be  on  the  normal  center  line  of  the  roadway  on 
super-elevated  curves.  No  concreting  shall  start  on  a  widened  curve  until  forms  are 
erected  and  checked  on  both  sides. 

All  forms  must  be  removed  within  twenty-four  (24)  hours  after  concreting. 

The  inspector  should  carefully  examine  the  edges  of  the  pavement  immediately 
after  the  removal  of  side  forms  and  if  concrete  is  honey  combed  have  it  sealed  with 
cement  sand  mortar,  afterward  insisting  on  a  more  adequate  spading  of  the  concrete 
adjacent  to  side  forms. 

Measuring  Devices,  Checking  Quantities  and  Composition. — Proportions  shall 
not  be  varied  for  any  reason  without  approval  of  the  division  engineer.  The  correct 
measuring  of  all  materials  is  essential  in  securing  satisfactory  work. 

The  contents  of  all  proportioning  boxes  and  batch  boxes  must  be  determined  by 
accurate  measurements  and  such  changes  as  are  necessary  in  regulating  the  propor- 
tioning, must  be  made  prior  to  beginning  operations. 

The  inspector  must  keep  accurate  check  on  the  amount  of  cement  used  and  main- 
tain a  daily  record  of  the  length  of  pavement  laid  and  the  quantities  of  cement 
required  and  used. 
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The  inspector  shall  arrange  for  the  weighing  of  an  occasional  bag  of  cement  to  see 
that  they  contain  ninety-four  (94)  pounds  net  (with  an  allowed  variation  of  five  (5) 
per  cent)  and  must  be  sure  that  the  man  dumping  cement  shakes  the  bag  well  in  order 
to  get  the  entire  amount  out  of  the  sack. 

The  number  of  empty  bags  must  be  counted  about  every  2  hours  and  then 
placed  in  separate  piles  or  removed  from  the  work.  This  method  will  relieve  the 
accumulation  of  any  shortage  or  excess. 

The  use  of  industrial  systems  will  require  one  inspector  at  the  material  yards. 
Cars  on  which  the  aggregates  are  measured  direct,  must  have  separate  and  vertical 
compartments  for  each  kind  of  aggregate  and  must  be  of  the  exact  size  of  the  batch, 
in  order  to  insure  correct  proportions. 

Combined  aggregates  shall  not  be  permitted  to  be  measured  in  vertical  containers 
of  one  opening.  In  this  case  especially  arranged  measuring  devices  must  be  used  for 
each  aggregate  from  which  the  container  can  be  filled. 

Care  must  be  used  in  protecting  the  cement  against  wind  during  the  loading 
process.  If  necessary,  erect  a  canopy.  In  cars  when  the  cement  will  be  exposed, 
lids  or  covers  must  be  used  at  all  times.  Under  no  conditions  permit  cement  that 
cannot  be  used  immediately  to  be  loaded  on  industrial  cars. 

Some  jobs  will  require  different  methods  than  these,  depending  on  the  contractor's 
equipment.  Consideration  must  be  given  and  if  there  are  any  unusual  features,  the 
Division  Engineer  should  be  called  to  the  work  for  final  decisions  as  to  the  methods 
to  be  used  by  the  inspector. 

Consistency. — The  consistency  of  concrete  is  very  important  because  the  strength 
is  greatly  reduced  by  the  use  of  excess  water.  Only  sufficient  water  shall  be  used  that 
will  form  a  concrete  similar  in  consistency  to  moist  (not  wet)  earth  when  a  finishing 
machine  is  used  and  quaking  wet  for  hand  finishing.  ^  The  Inspector  must  note  the 
moisture  of  the  sand  in  order  to  vary,  whenever  necessary,  the  amount  of  water. 

The  contractor  shall  be  required  to  have  a  glass  gage  on  the  mixer  in  order  to 
visually  determine  the  quantity  of  water  for  each  batch.  Examination  must  be  made 
of  all  valves  and  pipes  in  the  mixer  to  detect  leaks  which  cause  non-uniform  amounts 
of  water  per  batch. 

The  concrete  must  be  particularly  dry  for  finishing  machine  work.  A  wet  con- 
crete would  not  only  be  low  in  strength  but  a  scale  of  mortar  may  be  formed  which 
will  peel  off  in  course  of  time  under  traffic.  Frequent  examinations  throughout  the 
day's  work  should  be  made  in  the  recently  finished  concrete  by  inserting  vertically 
a  blunt  end  of  a  pencil  in  the  surface  in  order  to  detect  excess  mortar.  There  should 
be  only  sufficient  mortar  to  completely  cover  the  coarse  aggregate. 

Non-uniformity  in  the  consistency  of  the  concrete  results  in  uneven  surfaces; 
therefore,  the  inspector  must  correct  at  once  faults  in  the  water  supply  system  of  the 
mixer  and  not  allow  the  work  to  proceed  until  these  faults  have  been  found  and 
corrected. 

After  the  pavement  is  finished  and  before  it  hardens  be  sure  that  no  stones  project 
above  the  surface  or  that  the  surface  appears  honey  combed.  Have  these  faults  cor- 
rected by  using  a  hand  float  or  the  reapplication  of  the  finishing  machine. 

Mixing.^ — The  concrete  mixer  must  be  equipped  with  approved  timing  and  water- 
measuring  devices  and  an  approved  device  for  discharging  the  concrete,  all  of  which 
must  be  kept  in  workable  condition  at  all  times.  The  time,  as  noted  in  the  specifica- 
tion, must  be  strictly  adhered  to.  The  concrete  must  not  be  discharged  until  the  full 
time  has  expired.  At  frequent  intervals  the  Inspector  should  check  the  time  of 
mixing.  The  time  of  mixing  shall  be  measured  from  the  time  the  last  material  enters 
the  drum  from  the  loading  skip  imtil  the  first  material  is  discharged  into  the  bucket. 
^Avoid  extremely  dry  concrete  as  under  the  usual  inspection  better  results  are 
obtained  with  a  fairly  easy  flowing  consistency. 

-For  effect  of  time  of  mixing  on  strength,  see  Appendix  F. 
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The  skip  shall  not  be  dumped  into  the  mixer  until  the  previous  batch  has  been 
entirely  discharged,  otherwise  non-uniform  mixes  will  result. 

Placing. — Concrete  shall  only  be  placed  on  a  subgrade  which  has  been  tested  by 
means  of  a  subgrade  tester  placed  at  the  discharge  end  of  the  mixer.  The  subgrade 
must  be  firm  and  smooth  and  all  loose  material  removed.  Loose  material  along 
the  forms  must  be  removed  by  means  of  a  square  point  shovel  or  spade. 


Fig.   12.1 


-Placing  concrete  with  hand  lute  where  special  surface  shape  makes  it  impossible 
to  use  standard  strike  board. 


The  first  layer  of  concrete  shall  be  deposited  to  the  depth  of  fabric  reinforcing, 
two  (2)  inches  below  the  surface  of  the  pavement  and  struck  off  with  an  approved 
template.  Rod  reinforcement  shall  be  placed  three  (3)  inches  from  all  transverse 
expansion  and  construction  joints  and  at  a  depth  equal  to  two  (2)  inches. 

The  fabric  reinforcement  must  be  perfectly  fiat  when  placed  in  the  work.  If 
furnished  in  rolls,  it  must  be  flattened  by  the  use  of  a  machine.  The  fabric  must 
extend  to  within  two  (2)  inches  of  all  sides  and  must  be  lapped  as  specified.  It  must 
be  protected  before  use  from  the  weather  except  as  required  from  day  to  day.  Under 
no  condition  shall  it  be  stored  in  the  open,  especially  during  the  winter  months. 


Total  W/dth  of  uo^d 
:  Outer  e\fpe  o/ fiat-t^yyyfni'  OOfcr  ectpe  of fiffye/^eofy 

Fig.   124. — Strike  board. 

The  fabric  reinforcement  is  placed  two  (2)  inches  below  the  surface.  A  striking 
template  insuring  a  two  (2)  inch  depth  must  be  used. 

After  the  placement  of  fabric  reinforcement,  the  remaining  two  (2)  inches  of  con- 
crete is  placed.  It  must  be  placed  of  sufficient  depth  to  have  a  slight  excess  ahead  of 
the  strike  board  for  finishing.  Do  not  permit  the  workmen  to  walk  on  this  concrete 
after  the  initial  spreading. 
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Evenness  of  finished  pavement  surface  is  insured  by  the  proper  even  spreading 
and  distribution  from  the  drop  bucket  of  the  mixer.  Uneven  distribution  and 
attempts  to  fill  in  low  places  with  mortar  results  in  a  wavy  surface  which  is  only 
detected  after  the  mortar  has  hardened. 

Finishing. — As  soon  as  the  full  depth  of  concrete  has  been  spread,  it  shall  be  struck 
off,  either  by  a  hand  template  or  approved  finishing  machine.  A  slight  excess  of  con- 
crete must  be  maintained  ahead  of  the  strike-board.  Depressions  and  holes  must  be 
filled  with  concrete,  not  mortar,  and  must  be  retamped. 

A  hand  template  must  be  specified  length  and  weight.  It  shall  be  first  worked  in 
a  crosswise  movement  and  then  followed  by  tamping  to  insure  a  proper  cross-section 
and  the  imbedding  of  coarse  aggregate.  The  template  shall  be  operated  until  within 
two  (2)  feet  of  an  expansion  joint,  and  then  lifted  to  the  joint  and  worked  back  from 


Fig.   125 


-Rolling  concrete   liy  hand.      ( 'oiicr(>te 
best  results. 


[lictiire  is  a  little  too  wet  for  the 


the  joint.  Excess  mortar  and  concrete  must  be  carefully  removed  and  in  no  case  be 
permitted  to  remain.  Templates  (both  hand  and  finishing  machine)  must  be  checked 
frequently  for  crown. 

Immediately  after  tamping,  the  sides  must  be  spaded  continuously  in  order  to 
prevent  honey  combed  sections  and  to  insure  satisfactory  edging.  Any  excess  mortar 
or  concrete  must  be  removed.  The  sides  along  the  bulkhead  and  filler  must  be  spaded 
to  insure  dense  surfaces  and  to  ease  the  lifting  of  the  bulkhead  against  raising  the  filler. 

Hand  tamping  shall  be  followed  by  a  roller  of  standard  dimensions  and  weight. 
The  use  of  roller  must  not  be  delayed  until  the  surface  is  partially  set,  otherwise,  the 
concrete  will  be  lifted.  Too  early  rolling  will  remove  too  much  mortar  and  not  water. 
The  roller  must  be  moved  slowly,  not  to  exceed  16  ft.  in  40  seconds,  and  must  be 
passed  over  and  back,  the  roller  then  being  lifted  and  advanced  one-half  its  length, 
the  rolling  operation  then  being  repeated.  The  first  rolling  must  proceed  from 
the  end  of  the  slab  first  laid  and  free  water  must  be  allowed  to  come  to  the  sur- 
face between  each  rolling.  The  roller  must  be  wetted  after  each  operation  and  kept 
clean  and  true  in  form. 
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Belting  of  the  surface  shall  follow.  The  belt  shall  be  kept  moist  or  oiled  and 
cleaned  at  all  times,  in  order  that  the  full  width  can  rest  on  the  pavement.  The  belt 
must  not  be  so  heavy  as  to  mark  the  finished  surface.  The  belt  shall  be  operated  in 
a  crosswise  movement,  so  that  any  part  for  the  total  width  and  breadth  rests  on  the 
pavement. 

There  should  be  two  beltings.  The  first  must  be  slow  to  take  out  irregularities, 
remove  excess  water  and  smooth  the  surface.  The  second  shall  be  a  little  faster  in 
the  forward  motion  to  give  the  finish  and  prevent  markings.  Never  permit  a  belt  to 
remain  on  fresh  concrete. 

Approved  finishing  machines  may  be  used  in  place  of  hand  work.  When  such  is 
the  case,  it  is  necessary  for  the  contractor  to  have  equipment  for  hand  work  which 
can  be  resorted  to  in  the  case  of  a  breakdown  in  the  finishing  machine. 


t/  hS 


^S  >'26''^7z"Ca//anizec/  p/afe 


6-0" 


Fig.   126. — Detail  of  roller. 


/i'Screty  <i' CtoC^ 
Fig.   126.4. — Detail  of  roller. 


In  the  use  of  a  finishing  machine,  there  is  a  tendency  of  the  operator  to  perform  too 
many  operations  with  the  result  that  excess  mortar  accumulates.  The  operator  should  be 
so  instructed  and  trained,  as  to  finish  the  pavement  with  one  or  two  strikings,  one  or 
two  tampings  and  two  beltings.  The  parts  of  the  machine  for  all  operations  must  at 
all  times  be  regulated  to  insure  contact  with  the  surface  at  all  points.  The  belt  must 
be  kept  moist. 

On  grades  exceeding  three  (3)  per  cent  the  surface  of  the  pavement  must  be  rolled 
with  a  hand  roller  following  the  passage  of  the  finishing  machine  in  the  manner  pre- 
scribed for  finishing  by  hand. 

One  of  the  most  frequent  defects  in  finishing  machine  work  is  that  of  irregular 
wavy  surface.  This  is  frequently  caused  by  the  machine  moving  too  fast,  the  use  of 
the  machine  for  spreading  by  carrying  an  excess  of  material  in  front  of  the  blade, 
failure  to  feed  properly  sufficient  material  by  hand  to  the  tamper  and  most  often  by 
running  the  tamper  while  the  machine  is  not  moving.  The  finishing  machine  should 
move  forward  at  a  uniform  rate  of  speed.  The  blade  should  not  be  used  for  moving 
any  considerable  amount  of  material,  only  sufficient  material  being  kept  in  front  of 
the  blade  to  produce  a  full  section.     After  the  finishing  machine  has  come  to  a  stop, 
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before  the  tamping  is  resumed,  the  machine  should  be  moved  back  a  few  feet  and  then 
started  forward,  and  the  tamping  not  resumed  until  the  machine  has  moved  forward 
for  at  least  one  foot. 

Edging  shall  not  be  done  too  early  after  the  belting. 

Curves  shall  be  widened  and  super-elevated  where  necessary.  On  transitions, 
intermediate  pins  must  be  set  exactly  to  grade  at  beginnings  and  endings,  together 
with  one  or  two  in  between  sections. 


Fig.   127. — Finishing  with  belt. 

The  finished  crown  should  be  checked  frequently  by  using  a  string  and  small 
blocks  the  height  of  the  crown,  the  blocks  being  placed  on  the  side  forms  and  a  string 
stretched  from  top  to  top  of  blocks.  To  insure  a  proper  crown  it  is  frequently  neces- 
sary to  have  the  template  shaped  to  an  arc  one-quarter  (i^)  of  an  inch  greater  than 
the  required  crown  to  offset  the  slump  of  the  concrete  during  hardening. 


ELEVATION  AT  ENDS  ELEVATION  AT  CENTER 

Fig.   128. — Sight  bridge  for  finisher. 


Joints. — All  expansion  and  construction  transverse  and  longitudinal  joints  must 
be  vertical,  level  and  free  from  irregularity.  Irregularities  caused  by  improper  and 
careless  work  produce  defects  in  the  pavement  such  as  one  slab  raising  higher  than 
the  other  and  additional  cracks. 

Before  using  joint  filler,  it  must  be  checked  for  all  dimensions  and  quality.  Many 
poor  results  are  obtained  by  joints  that  are  too  short  and  of  insufficient  depth.     Shear- 
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ing  of  the  edges  and  sides  of  concrete  under  expansion  ruptures  the  concrete  and  causes 
spalling. 

Joint  filler  must  be  furnished  in  flat  sections.  No  brand  of  filler  shall  be  used 
unless  approved  by  the  Engineer  of  Tests. 

Only  when  indicated  in  the  specifications  may  minimum  lengths  be  connected  as 
one  continuous  length.  These  short  lengths  must  be  joined  by  lacing,  staples  or 
other  suital)lc  means  before  being  installed. 
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For  Protected  Joints 


Fig.   129A. 


-Split  float  for  finishing 
joints. 


For  Unprotected   Joints 


Fig.   129fi. — Straight   edge   for   testing 
surface  near  joints. 


The  steel  bulkhead  shall  be  of  exact  dimensions  and  oiled  or  greased  at  all  times. 
The  workmen  shall  be  required  to  lay  it  on  a  flat  area  when  not  in  use,  in  order  to  kieep 
it  perfectly  straight.  Any  kinks  must  be  straightened  immediately  after  being 
noticed.  It  shall  be  firmly  staked  on  the  side  towards  the  mixer  with  iron  pins,  the 
number  and  length  depending  on  the  subgrade  conditions  and  methods  of  finishing. 
The  joint  filler  shall  be  set  on  the  side  of  the  bulkhead  away  from  the  mixer. 

A  steel  bulkhead  against  which  the  expansion  joint  filler  is  placed  must  be  firmly 
supported  by  at  least  ten  (10)  iron  pins,  twelve  (12)  to  eighteen  (18)  inches  in  length 


Fig.    130. — Inspector  testing  concrete  surface  with  straight  edge. 


depending  on  the  subgrade.  Five  (5)  pins  along  both  sides  of  the  bulkhead  and  filler 
with  tops  two  (2)  inches  below  the  surface. 

These  pins  must  be  long  enough  and  are  to  remain  in  place  in  order  to  insure 
straight  joints  in  all  directions.  When  joint  filler  is  placed  directly  against  hardened 
concrete  five  (5)  pins  shall  be  used  on  the  side  away  from  the  concrete. 

The  joint  filler  should  be  set  just  flush  with  the  pavement. 

A  small  amount  of  spading  shall  be  done  along  the  oiled  or  greased  bulkhead  in 
order  to  ease  removal.     The  bulkhead  shall  not  be  removed  until  at  least  10  ft.  of 
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concrete  has  been  placed  ahead  and  the  striking  and  the  tamping  has  been  done  on 
either  side  or  immediately  over  it.  No  striking  or  tamping  shall  be  permitted  after 
the  bulkhead  is  removed,  other  than  just  enough  tamping  with  a  rod  to  fill  the  cavity- 
left  by  the  bulkhead.  The  bulkhead  shall  be  removed  by  raising  opposite  ends  at 
the  same  time  through  holes  in  either  end,  into  which  hooks  are  inserted. 

After  the  removal  of  the  bulkhead  on  hand  finish  work  when  the  filler  is  higher  than 
the  surface,  a  split  float  or  straight-edge  in  accordance  with  the  standards,  shall  be 
used  after  which  the  edging  tool  of  J^-in.  radius  is  operated  on  either  side. 

For  finishing  machine  work,  where  the  filler  is  slightly  raised  or  flush,  the  edges 
shall  be  rounded  with  the  above  radius  tool.  All  joint  finishing  shall  be  done  by  a 
skilled  workman  from  a  finishing  bridge.  On  no  work  shall  connected  concrete  be  per- 
mitted to  remain  over  the  filler,  as  this  condition  causes  serious  spalling  under  traffic. 
Edging  is  to  be  done  along  construction  joints  with  the  M-in.  radius  tool. 


Fig.   131A. — Proper  vertical  joint.  Fig.   1315. — Improper  slant  joint. 


The  belt  should  be  operated  immediately  on  each  side  of  the  joint,  so  as  to  give  a 
uniform  appearance  to  the  entire  surface. 

The  surface  of  pavement  adjacent  to  joints  must  be  finished  with  the  utmost  care 
by  an  experienced  workman  in  order  to  obviate  uneven  joints  which  induce  an  uneven, 
bumpy  riding  surface.  The  six  (6)  foot  straight  edge  must  be  used  in  testing  all  sur- 
faces adjacent  to  joints  prior  to  the  last  belting  of  the  surface  and  when  the  surface  is 
uneven  it  must  be  corrected. 

As  soon  as  forms  are  removed,  investigation  must  be  made  to  determine  if  any 
fillers  do  not  extend  entirely  through  from  one  side  to  the  other.  If  not,  the  contractor 
shall  open  the  connected  sides  by  means  of  a  chisel.  Under  no  condition  permit 
shoulder  material  to  be  deposited  along  the  sides  until  there  is  positive  assurance  that 
the  joints  are  open. 

Protection. — The  surface  shall  be  protected  with  canvas  as  specified.  The  canvas 
shall  never  be  dragged  over  the  surface  of  the  green  concrete.  In  warm  weather 
when  the  temperature  is  above  70deg.  F.,  the  surface  of  the  concrete  shall  be  tho- 
roughly wetted  as  soon  after  it  is  finished  as  it  is  possible  to  do  so  without  injuring 
the  surface,  the  canvas  carried  over  the  concrete  and  lowered  verticall}^  onto  the 
surface,  and  the  canvas  kept  wet.  A  set  of  frames  to  support  canvas  covering  shall 
be  kept  on  hand  at  all  times  near  the  concreting  work  to  be  used  in  the  event  of  warm 
or  rainy  weather,  as  the  canvas  must  not  be  laid  on  fresh  concrete.  In  cool  weather 
the  canvas  may  be  dispensed  with.  Hair  checking  or  cracking  can  sometimes  be 
eliminated  by  spraying  fresh  concrete,  using  a  nozzle  that  will  produce  a  fine  spray 
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or  fog  but  care  must  be  taken  not  to  use  a  nozzle  that  will  cause  pits  in  the  surface. 
If  this  does  not  prevent  hair  checking  and  the  materials  are  dry,  they  should  be  tho- 
roughly wet  down  before  they  are  placed  in  the  mixer.  As  soon  as  the  surface  has 
hardened  sufficiently  so  it  will  not  be  injured,  the  canvas  shall  be  removed.  It  must 
be  thoroughly  wetted  and  covered  with  earth  or  other  approved  material  at  least 
two  (2)  inches  deep,  which  must  be  kept  wet  at  least  eight  (8)  days  by  sprinkling  with 
water,  except  in  cold,  late  fall  weather.  When  straw  is  used  in  place  of  earth  for 
covering,  the  straw  should  be  spread  to  a  minimum  depth  of  four  (4)  inches  and  kept 
wet  for  a  period  of  at  least  eight  (8)  days  during  warm  weather.  Straw  shall  remain 
in  place  for  a  period  of  at  least  eighteen  (18)  days  under  the  most  favorable  conditions. 
All  persons  must  be  kept  off  the  concrete  surface  for  3  days.  All  traffic  must  be 
kept  off  the  surface  for  the  full  time  specified  and  in  the  late  fall,  the  time  of  curing 
must  be  extended  one  week.  After  the  specified  time  has  elapsed,  the  covering  mate- 
rial shall  be  removed  and  the  pavement  swept  clean.  If  found  necessary,  owing  to 
local  conditions,  the  contractor  must  furnish  a  watchman  at  all  times  to  secure  the 
required  protection.  In  some  instances  it  may  be  necessary  for  the  contractor  to 
construct  temporary  foot  bridges  over  the  surface  of  the  concrete  to  permit  the  neces- 
sarj^  passage  of  pedestrians  o%cattle  from  one  side  of  the  road  to  the  other." 

Concreting  during  Rain  Storms. — Inej^perienced  inspectors  are 
sometimes  puzzled  tp  make  a  reasonable  interpretation  in  regard  to 
stopping  work  on  account  of  rain  and  they  worry  their  headsoff  if  theysee 
a  cloud  the  size  of  a  hand  in  the  sky.  From  a  practical  standpoint  it 
is  safe  to  instruct  them  not  to  worry;  that  in  case  of  rain  the  men  will 
quit  before  it  rains  hard  enough  to  do  any  serious  damage ;  as  a  matter  of 
fact  a  light  rain  gives  an  excellent  spray  surface  finish  much  superior  to 
any  hand  manipulation  and  I  have  never  had  any  concrete  seriously 
damaged  even  by  hard  showers;  if  the  men  quit  in  the  midst  of  a  block 
and  leave  the  work  without  heading  up  it  is  necessary  to  reject  and  dig 
out  a  few  feet  of  the  pavement  to  get  a  good  vertical  connection. 

Protection  of  Concrete  in  Warm  Weather. — ^Hot  sun  and  drying  winds 
damage  the  surface  wearing  power  of  concrete  pavements  and  also  often 


Fig.   132.4. — Canvas   cover  to   protect  fresh   concrete   temporarily  from   sun   and   wind. 


produce  so-called  temperature  and  wind  checks  which  are  unsightly  to  say 
the  least.  Concrete  should  be  protected  in  hot  weather  in  order  to  get 
the  best  results;  the  methods  usually  adopted  are  burlap  or  canvas  covers 
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Fig.    132B. — Earth   cover  and   sprinkling.      Used   from   second   to   tenth   day   of   curing. 


Fig.   132C — Ponding  method  applicalile  on  level  grades  up  to  about  2  per  cent. 


Fig.   132D. — Spray  sprinklers  applicable  where  water  supply  is  plentiful  and  pressure  good. 
Figs.  132A  to  132Z>. — Different  methods  of  protecting  concrete  in  hot  weather. 
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on  frames,  pending,  earth  cover  sprinkled  or  continuous  spray  sprinkling. 
Special  protection  of  this  kind  is  not  necessary  when  the  temperature 
in  the  spring  or  fall  of  the  year  gets  below  50  to  60  deg.  The  methods  used 
are  illustrated  by  Figs.  132A  to  132D  taken  from  a  pamphlet  published 
by  the  Portland  Cement  Association.  Surface  checks  (short  hair  cracks) 
are  difficult  to  prevent  under  a  hot  sun  and  strong  dry  wind  as  they 
develop  before  the  finishing  is  complete  and  before  it  is  possible  to  protect 
the  concrete  by  canvas  covers.  Under  these  conditions  a  light  spray 
applied  continuously  after  the  surface  is  belted  seems  to  help  reduce  these 
checks.  If  they  do  form,  a  fairly  satisfactory  repair  is  too  omit  the  earth 
cover  till  the  next  day  and  after  the  surface  is  fairly  dry  fill  the  checks 
with  dry  cement;  this  is  done  by  sprinkling  it  along  the  checks  and  push- 
ing it  in  with  a  small  broom. 

Concreting  in  Cold  Weather. — Cold  weather  work  in  connection  with 
concrete  paving  is  a  rare  emergency  and  should  only  be  permitted  to 
finish  a  short  piece  of  incomplete  work.  With  the  utmost  care  results  are 
rarely  good  as  concrete  in  pavements  cannot  be  as  well  protected  as 
building  concrete  under  unfavorable  weather  conditions.  Concrete 
should  never  be  placed  on  a  frozen  subgrade. 

The  simplest  solution  where  an  unexpected  cold  snap  develops  is  to 
heat  the  aggregates  and  protect  the  concrete  by  covering  with  canvas, 
straw,  sawdust  or  manure.  The  addition  of  calcium  chloride  (33^^  per  cent 
by  weight)  to  the  mixing  water  will  prevent  damage  if  the  temperature 
does  not  fall  below  28  deg.  A  simple  method  of  using  this  chemical  which 
has  the  property  of  reducing  the  freezing  point  of  water  and  hastening 
the  set  of  concrete  is  described  as  follows  in  "Recommended  Practice" 
Portland  Cement  Association:  "It  can  best  be  added  to  the  mix  by  making 
a  concentrated  solution  l}^,  lb.  per  gallon  of  water;  this  concentrated 
solution  is  added  to  the  mixing  water  at  the  rate  of  a  gallon  per  sack  of 
cement  used."  This  treatment  adds  about  15c.  per  cubic  yard  to  the  cost 
of  the  concrete.  Chemical  means  alone  should  not  be  relied  on  to  prevent 
damage;  heating  and  cover  should  also  be  used. 

Inspection  and  Engineering  Records.^ — Inspectors  should  be  required 
to  turn  in  daily  signed  records  of  the  essentials  in  connection  with  the 
pavement  work.  These  records  are  very  useful  in  case  of  dispute  or 
lawsuits. 

The  following  forms  have  been  used  by  the  author.  They  can  be 
easily  and  quickly  filled  in.  They  are  prepared  in  book  form  of  pocket 
size.  Two  inspectors  are  usually  required:  a  batch  inspector  who  is 
responsible  for  the  measurement  and  quality  of  the  materials  and  an 
inspector  at  the  mixer  responsible  for  the  grade,  forms  and  manipulation. 
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Name  of  Road- 


RURAL  HIGHWAY  PAVEMENTS 
MATERIAL  INSPECTOR'S  REPORT 


Date— Sept.  21,  1922. 
Inspector's  Signature — John  Doe. 
Materials  Received  on  Job. 


Cement 


Car  Nos. 

Amotint 

Brand 

Acceptance  No. 

L.  &  N.  21435 

231  bbl. 

Atlas 

B.R.  2645 

Sand 

Car  Nos. 

Amount 

Source 

Test  No. 

L.V.  25462 

110,500  1b. 

Continental 

B.R.  1750 

Penn.  175133 

104,700  1b. 

Stone 

Oaks 

Field  No.  7 

Car  Nos. 

Amount 

Source 

Test  No. 

L.V.  10546 

103,4001b. 

LeRoy 

B.R.  1120 

Materials  Delivered  to  Mixer 

Cement 304.5  bbl. 

Sand,  approximately 115      tons 

Stone,  approximately 170      tons 


PAVEMENT  INSPECTOR  S  REPORT 


Name  of  Road — 

Date— Sept.  21,  1922. 
Inspector's  Signature- 


-Richard  Roe. 

Approval  of  Grade  and  Forms 


Sta.  to  Sta. 

25  +  30-28  +  20 
28  +  20-30  +  50 


Time  of  Approval 

7  A.M. 
1  P.M. 


Time  of  Mix  per 
Seconds,  Batch 

58 
59 


Sta.  to  Sta. 

25  +  30-26  +  80 
25  +  30-27  +  35 
25  +  30-28  +  05 
25  +  30-29  +  23 


Tests  of  Mixer  (twice  daily) 

No.  of  Revolutions 
PER  Batch 

15 
15K 


Time  Test  Made 

8  A.M. 
3  P.M. 


Concrete  Data  (4  times  daily) 


Cubic  Yards 

60.0 

82.0 
110.0 
157.2 


Cement 
117.50 
158.25 
210.00 
302 . 00 


Cement  Factor 

1.96 
1.93 
1.91 
1.92 


Time 

10  A.M. 
1  P.M. 
3  P.M. 
6  P.M. 


Remarks 
Previous  day's  run  covered  with  earth  and  sprinkled. 
Previous  day's  run  shows  satisfactory  edge. 
Cement  Tally  by  batchmeter  disagrees  with  material  inspector  by  2.5  bbl. 
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Sample  Engineer's  Diary. 

The  diary  of  the  Engineer  in  charge  shows  all  essentials  of  the  work  for  purposes  of 
record  and  possible  lawsuits. 

Name  of  Road — 

Date— Sept.  21,  1922. 
Engineer — John  Smith. 
Engineering  Force 

John  Smith — General  Supervision 
John  Doe — Materials 
Richard  Roe — Pavement  Inspection. 
Headquarters  Inspector  visited  work. 
Contractor's  Work. 
Force — 70  men 
8  teams 
8  Ford  trucks. 
Work— Steam  shovel  Station  200  to  201 
Fine  grade  sta.  80  to  90 
Concrete  Pavement  Sta.  25  +  30-29  +  23 
Cement  factor  1.92. 
Materials  Delivered 

Cement  L.  &  N.  21435 231  bbl. 

Sand  L.V.  25462 110,500  lb. 

Penn.  175133 104,700  lb. 

Stone  L.V.  10546 103,400  lb. 

Correspondence — See  letter  attached  giving  ruling  on  maximum  cement  factor. 

Sept.  21,  1922. 
Mr.  John  Brown, 
Contractor, 
City. 
Dear  Sir: 

The  following  letter  (a  copy  of  which  has  been  sent  to  the  Division  Engineer)  states 

definitely  my  attitude  and  ruling  as  Engineer  in  charge  of  Road  No. ,  in  regard  to  the 

amount  of  Cement  that  I  can  properly  certify  for  payment  as  used  in  the  Concrete  Pavement 
work.  If  you  are  dissatisfied  with  this  ruling  you  can  appeal  to  the  Division  Engineer. 
The  following  ruling  will  apply  for  all  estimates  unless  I  receive  definite  written  instructions 
from  the  Division  Engineer  to  modify  this  ruling.  This  letter  is  sent  to  you  at  this  time 
in  order  to  give  you  ample  time  to  make  any  necessary  changes  in  your  batching  procedure 
so  that  there  will  be  no  loss  to  you  on  the  cement  item  on  completion  of  the  road.  This 
formal  action  is  necessary  as  your  cement  factor  has  been  excessively  high. 

I  will  certify  for  payment  all  Cement  actually  used  in  Pavement  Work  up  to  an  amount 
which  produces  an  average  cement  factor  for  the  entire  job  of  not  to  exceed  2.02  bbl.  per 
cubic  yard  of  Concrete  Pavement.  I  will  not  certify  to  any  total  final  excess  of  cement 
used  over  and  above  this  limit  on  the  ground  that  it  is  due  to  careless  batching  of  the  sand 
and  stone.  In  order  to  give  you  ample  opportunity  to  avoid  final  loss  I  will  certify  the 
pavement  as  satisfactory  where  the  daily  cement  factor  does  not  fall  below  1.80  but  will 
not  accept  any  pavement  concrete  having  a  lower  factor  than  1.80  as  reported  by  my  inspec- 
tors four  times  daily.  You  are  to  continue  using  three  whole  bags  of  cement  per  batch  and 
any  variations  in  your  procedure  are  to  be  made  in  connection  with  the  sand  and  stone. 

This  ruling  is  based  on  the  following  data. 

The  amount  of  cement  provided  in  your  Contract  is  based  on  1.90  bbl.  per  cubic  yard  of 
Concrete  Pavement  1  :  l3'2  :  3  mix.  Based  on  previous  construction  experience  with  this 
mix  I  instructed  you  to  use  for  a  three  bag  batch  4.50  cu.  ft.  of  sand  and  9.00  cu.  ft.  of  stone. 
Under  this  basis  of  proportioning  properly  and  accurately  batched  it  has  been  my  experience 
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that  the  1.90  factor  could  have  been  easily  maintained  and  there  would  have  been  no  over- 
run of  Cement  on  the  Contract. 

My  original  instructions  to  you  in  this  matter  of  batching  were  officially  overruled  by 
the  Department  on  the  ground  that  they  did  not  exactly  comply  with  the  Specifications 
and  we  were  both  instructed  to  batch  3  bags  of  cement,  4.28  cu.  ft.  of  sand  and  8.56  cu.  ft. 
of  stone.  This  ruling  raises  the  Cement  factor  about  5  per  cent  and  under  this  ruling  I  am 
willing  and  justified  in  certifying  a  maximum  of  2.02  bbl.  per  cubic  yard  where  this  amount 
is  actually  used.  This  will  involve  a  possible  overrun  on  the  Contract  of  about  750  bbl.  of 
Cement  (Item  17)  and  there  is  no  question  in  my  mind  but  what  this  overrun  should  be 
approved  under  the  batching  instruction  we  have  received. 

Up  to  date  however  you  have  used  2.10  bbl.  per  cubic  yard  of  pavement  and  this 
amount  is  excessive  and  not  warranted.  It  is  apparently  due  to  a  shortage  of  stone  and 
sand  in  the  mix.  Between  sta.  157  +  86  and  121  +  68  you  used  2,110,000  lb.  of  stone 
(Railroad  weights)  and  2,246.50  bbl.  of  cement.  On  the  basis  of  batching  3  bags  of  cement, 
4.28  cu.  ft.  of  sand  and  8.56  cu.  ft.  of  stone  you  should  use  at  least  990  lb.  of  stone  per  bbl.  of 
cement.  (Inequality  of  grade  has  no  effect  on  this  basis  of  figuring.)  Between  these 
stations  you  should  have  used  at  least  2,224,000  lb.  of  stone,  showing  a  shortage  of  114,000 
lb.  or  5  per  cent  of^the  total.  Stone  amounts  to  about  80  per  cent  of  the  compacted  con- 
crete and  a  shortage  of  5  per  cent  would  raise  the  cement  factor  about  4  per  cent.  The 
average  cement  factor  between  these  stations  was  2.09  or  3^^  per  cent  above  the  amount  I 
am  willing  to  certify. 

In  a  similar  manner  between  sta.  157  +  86  and  128  +  15  you  used  979,800  lb.  of  sand 
and  1,860  bbl.  of  cement.  You  should  have  used  at  least  1,090,000  lb.  of  sand  showing  a 
shortage  of  approximately  10  per  cent.  Sand  amounts  to  about  40  per  cent  of  the  pave- 
ment volume  and  a  10  per  cent  shortage  would  account  for  a  4  per  cent  increase  in  the 
cement  factor  which  checks  the  stone  results  given  above. 

Your  batching  apparatus  consisting  of  steel  sand  hoppers  and  a  steel  double  gate 
Blaw  Stone  batcher  has  been  rated  by  me  and  found  to  be  correct.  The  exactness  of  your 
routine  batching  however  depends  on  the  care  of  your  men  and  I  have  personally  noted  a 
number  of  cases  where  under  stress  of  time  they  were  not  completely  filled.  As  a  further 
evidence  of  carelessness  in  batching  your  daily  cement  factor  has  ranged  from  1.92  to  2.20. 
The  grade  work  has  been  excellent  and  while  minor  inequalities  in  grade  which  it  is  impos- 
sible to  prevent  might  account  for  a  small  variation  they  would  not  account  for  such  a  big 
range. 

The  outstanding  facts  are  that  you  have  not  used  enough  sand  and  stone  and  that  it  is 
evident  that  more  care  is  necessary  to  prevent  overrun  in  measuring  your  sand  and  stone. 
It  is  not  the  function  of  the  Engineer  or  Inspectors  to  act  as  foreman  for  your  men  and 
prevent  careless  work.  Our  duty  lies  in  calling  your  attention  to  conditions  and  in  stating 
the  maximum  limits  of  variation  that  we  are  willing  to  accept.  We  shall  be  pleased  to  give 
you  a  daily  statement  of  the  Cement  Factor  but  will  hold  you  responsible  for  variations 
which  exceed  the  ruling  given  in  the  first  of  this  letter.  Sincerely  yours. 

Engineer  in  Charge. 

General  Maintenance  Methods. — Detail  maintenance  is  discussed  in 
Chap.  IV,  page  444.  Concrete  pavement  maintenance  consists  in  the 
repair  of  cracks  and  joints  and  the  renewal  of  shoulders.  On  rural  roads 
cracks  and  joints  are  generally  sealed  with  bitumen  or  a  mixture  of  bitu- 
men and  sand.  On  village  pavements  cracks  and  joints  are  generally- 
filled  with  resinous  compounds  of  approximately  the  same  color  as  the 
concrete.  Holes  in  the  concrete  or  badly  depressed  corner  breaks  are 
temporarily  filled  with  cold  patch  and  repaired  as  soon  as  possible  by  cut- 
ting out  a  fair  sized  area  and  replacing  the  concrete.  On  lighter  travelled 
roads,  shoulders  are  renewed  by  scraping  additional  earth  up  along  the 
edge  with  a  road  machine ;  on  heavy  traffic  roads  they  are  built  up  by  the 
use  of  gravel,  macadam  or  cold  patch. 


DETAILS  OF  DESIGN  AND  CONSTRUCTION 


299 


ASPHALTIC  CONCRETE  PAVEMENTS 

Ordinary  asphalt  surfaces  are  probably  familiar  to  most  readers. 
Asphaltic  concrete  surfaces  are  merely  a  well-graded  mineral  aggregate 
mixed  and  cemented  with  bitumen.  This  general  type  includes  Sheet 
Asphalt,  Topeka  Mix,  Warren  Bros.  Bitulithic,  Amiesite,  Bito.  Slag  and 
various  other  trade  name  products.  These  surfaces  are  laid  on  either 
macadam  or  cement  concrete  bases.  Specifications,  page  328,  describe 
construction  operations  in  detail. 


,«■& 
-^^. 


Fig.  133. — New  York  State  main  road  asphaltic  concrete  (modified  Topeka)  on  concrete 
base  17  ft.  wide  with  macadam  shoulders  6  ft.  wide  carries  daily  traffic  of  5,000  mixed 
vehicles  (10-hr.  count) .  Serves  very  satisfactorily  except  for  width.  Pavement  proper  will 
be  widened  this  season  under  reconstruction  program. 


Asphaltic  concrete  surfaces  are  satisfactory  and  economical  for  the 
heavier  traffic  Class  I  rural  roads  having  a  traffic  volume  of  over  3,000 
vehicles  daily  (10-hour  count)  and  for  resurfacing  of  any  road  carrying 
over  1,500  to  2,000  vehicles  daily.  The  essential  advantage  of  this  type 
lies  in  its  pleasing  appearance,  ease  of  construction  and  repair  and  resilient 
quality  which  makes  it  particularly  resistant  to  traffic  damage  of  a  large 
volume  of  mixed  traffic.  The  high  cost  of  this  surface  eliminates  its  use 
on  unimportant  roads. 

It  has  been  extensively  used  for  resident  city  streets  and  a  considerable 
mileage  has  been  constructed  on  primary  state  system  rural  highways. 
In  damp  weather,  it  is  often  quite  slippery  for  high  speed  rural  traffic, 
which  is  a  drawback,  but  it  is  at  present  (1922)  the  most  available  type  for 
resurfacing  wornout  rigid  pavements  and  for  capping  old  solid  macadam 
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bases  on  Class  I  and  IIA  roads  and  it  is  certain  that  a  considerable 
yardage  of  this  type  will  be  constructed  on  rural  highways  particularly 
under  reconstruction  programs.  Scientific  grading  of  aggregates  and 
care  in  construction  does  much  to  reduce  the  faults  of  waving  and 
extreme  slipperiness  although  these  fundamental  faults  are  difficult  to 
prevent  entirely. 

Asphaltic  concrete  pavements  including  concrete  or  macadam  bases 
cost  for  initial  construction  from  $3  to  $4  per  square  yard ;  the  yearly 
maintenance  has  a  wide  range  but  probably  falls  between  $0,004  to  $0,035 
per  square  yard  for  narrow  rural  highways.     The  cost  of  surface  renewal 


Fig.  134.- 


-Amiesite  surface  on  old  worn  out  cement  concrete  pavement, 
shoulder  along  edge  of  asphaltic  concrete  surface. 


Note  new  stone 


distributed  over  the  life  of  the  surface  probably  is  about  $0.08  to  $0.15 
per  square  yard  per  year  on  narrow  rural  highway  pavements  (1922  cost 
conditions  where  the  traffic  volume  is  more  than  3,000  daily). ^ 

As  this  type  is  expensive  and  is  usually  considered  only  for  important 
roads,  the  best  possible  materials  should  be  used.  The  strength  (depth 
of  base)  should  be  amply  strong  when  first  constructed  as  this  type  of 
pavement  cannot  be  as  easily  strengthened  by  future  work  as  either  the 
macadam  or  plain  concrete  type.  Materials,  Details  of  Design  and 
Inspection  follow  the  summary  of  Recommended  Designs. 

The  proper  grading  of  aggregate  is  a  complicated  study  and  the  reader 
is  referred  to  books  by  Richardson,  Hubbard,  etc.  for  complete  data. 
Specifications,  page  328,  show  usual  practice  for  rural  highway  pave- 
ments.    The  present  tendency  lies  towards  the  use  of  increasing  percent- 

1  Renewal  costs  based  on  maximum  allowable  Vialog  coefficient  of  250  without 
excessive  maintenance  (see  page  150). 
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age  of  larger  stone  fragments  under  moderate  traffic  volume  to  reduce 
slipperiness  and  the  formation  of  waves.  Under  extremely  heavy  traffic, 
a  fine  aggregate  is  desirable  to  prevent  pitting  of  the  surface.  A  con- 
servative estimate  of  surface  life  for  this  type  on  heavy  traffic  rural  roads 
is  about  10  to  15  years  although  there  are  many  cases  which  do  not  fall 
within  these  limits  (see  Chap.  IV). 

Recommended  Designs. — The  recommended  designs  represent  con- 
servative practice.  It  is  undesirable  to  reduce  the  thickness  of  base  below 
the  depths  shown  as  this  type  of  pavement  cannot  be  easily  strengthened 
by  future  resurfacings.  These  designs  are  based  on  maximum  gross 
vehicle  load  of  28,000  lb. 


Uniform  Thick nessCLfoli 

See  Chap.  2 
6k>m,Slaaor  ^^    "•- 
6ravel  Shoulders,  6deep- 


Circular  Arc  Crown  ^^^  per  ft 
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■li  fol  Binder.  -Edaing  G  "wide 

%unded '/eMInside 
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SeeChapferZ  Weeps  ^spaced 30 

Fig.   1.35. — Recommended  design  Class  I  traffic. 

Suitability  of  Materials.  Macadam  Bases. — See  Water-bound  and 
Bituminous  Macadam  Pavements,  pages  207  and  232. 

Concrete  Bases. 

Cement. — Same  as  for  concrete  pavements,  page  257. 

Coarse  Aggregate.  (Paving  Base). — Any  clean  hard  well-graded  size 
of  crushed  stone,  gravel,  or  1,800  lb.  per  cubic  yard  crushed  slag.  Pit 
run  gravel  or  crusher  run  stone  should  not  be  used;  the  sizing  for  coarse 
aggregate  is  generally  specified  as  between  ^i  to  3}i  in.  with  not  over 
15  per  cent  of  material  passing  the  l3^^-in.  screen.  The  high  standards 
set  for  concrete  pavement  need  not  be  attained  as  the  base  is  not  sub- 
jected to  traffic  pounding.  It  must  produce  a  strong  concrete;  it  is 
desirable  to  use  the  best  available  source  without  raising  the  cost  need- 
lessly; in  the  main,  a  local  supply  should  be  preferred  even  if  the  coefficient 
of  hardness  drops  as  low  as  5  for  stone  or  this  equivalent  for  gravel. 
Shale  gravel  should  not  be  used  but  a  small  percentage  of  shale  up  to  10 
per  cent  is  allowable.  The  coarse  aggregate  must,  however,  be  free 
from  organic  impurities  and  from  a  coating  of  clay  or  loam. 

Sayid.  (Paving  Base). — Same  general  requirements  as  for  concrete 
pavements  except  that  an  8  per  cent  maximum  loam  content  can  be  used 
with  safety  (see  Specifications,  page  550). 

Binder  and  Surface  Mix. — The  following  material  from  the  Asphalt 
Association  Handbook  is  as  authoritative  as  any  available  data. 

Coarse  Aggregate. — Broken  Stone  Specifications. 
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For  Asphaltic  Concrete 
(Coarse  Graded  Aggregate  Type) 


Per  cent  passing  screen 

Size 

IH" 

H" 

y2" 

>i" 

Coarse  aggregate 

Cover  for  seal  coat 

95-100 

25-75 



95-100 

0 
0-15 

Per  cent  of  wear 5  per  cent 

For  Asphaltic  Concrete 
(Fine  Graded  Aggregate  Type) 


Per  cent  passing  screen 

Coarse  aggregate, 

H" 

y2" 

H" 

Alternates  <  ,, 

100 

95-100 

0-75 
0-75 

For  Binder  Course 

Passing  1^-in.  screen 

Passing    ^i-in.  screen 

Passing    3^-in.  screen 

Per  cent  of  wear 

For  Two-course  Asphalt  Macadam  Base 


Per  Cent 

95-100 

25-  75 

0-  10 

6 


Per  cent  passing  screen 

SH" 

2j.r 

IK' 

1' 

H' 

No.  1  coarse 

No.  2  coarse 

Intermediate 

95-100 

0-  15 
95-100 

0-  15 
95-100 

25-75 

0-15 

Per  cent  of  wear 8  per  cent 

For  Asphaltic  Concrete  Base 


Per  cent  passing  screen 

Coarse  aggregate,  in. .  . 

2H' 

IH' 

IK' 

H' 

K' 

Alternates  <  tt  '  '  '  ' 

95-100 

95-100 

25-75              

25-75 

0 
0 

Per  cent  of  wear 5  per  cent 
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Broken  Slag^  Specifications. — Broken  slag  may  be  used  in  place  of 
broken  stone  for  the  various  types  of  asphalt  pavements  and  bases  the 
requirements  for  size  being  the  same  as  those  given  under  Broken  Stone 
Specifications.  In  addition  the  following  requirements  are  commonly 
made. 

Per  cent  of  wear 10  per  cent  — 

Weight  per  cubic  foot  for  each  size  specified 70  lb.  + 

GraveP  Specifications. — Gravel  may  be  used  in  place  of  broken  stone 
for  coarse  graded  aggregate  asphaltic  concrete,  binder  coarse  and  asphaltic 
concrete  base  with  the  same  requirements  for  size  as  those  given  under 
Broken  Stone  Specifications.  The  gravel  should  be  composed  of  sound, 
hard,  durable  pebbles  free  from  clay  or  coatings  of  any  character. 

Sand  or  Fine  Aggregate  Specifications. 


Coarse  Graded  Aggregate  Asphaltic  Concrete  and  Asphaltic  Concrete  Base 


Passing 

Retained  on 

Per  cent 

3^ -in.  screen 

3<^-in.  screen 

100 

10-mesh  sieve 

40-mesh  sieve 

80-mesh  sieve 

200-mesh  sieve 

0-20 

10-mesh  sieve 

40-mesh  sieve 

80-mesh  sieve 

200-mesh  sieve 

15-20 

25-60 

7-40 

0-  6 

Fine  Graded  Aggregate  Asphaltic  Concrete 

AND  Sheet  Asphalt 

Passing 

Retained  on 

Per  cent 

10-mesh 

98-100 

10-mesh 

20-mesh 

3-15  ^ 

20-mesh 

30-mesh 

4-15     14-50 

30-mesh 

40-mesh 

5-25  J 

40-mesh 
50-mesh 

50-mesh 
80-mesh 

K^}3o-eo 

80-mesh 
100-mesh 

100-mesh 
200-mesh 

'n:}-- 

200-mesh 

0-5 

Gravel  orslag  are  not  advised  where  a  good  grade  of  stone  is  available. 
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The  sand  shall  consist  of  clean,  hard  durable  grains  free  from  clay, 
loam  and  other  foreign  matter.^ 

Mineral  Filler  Specifications. — Limestone  dust,  slate  dust  or  Portland 
cement. 


Passing     30- mesh  sieve. 
Passing  200-mesh   sieve. 


Per  Cent 
OR  More 

100 

60 


Bitumen. — Detail  specifications  for  suitable  asphalt  and  tar  binders 
are  given  on  page  551. 

A  considerable  range  in  the  value  of  penetration  depending  on  climatic 
and  traffic  conditions  is  the  only  point  necessary  to  indicate  at  this 
part  of  the  discussion.  The  values  recommended  for  asphalt  are  as 
follows: 


Table  31. 

—For  Asphaltic  Concrete 

Traffic 

Temperature 

Low 

Moderate 

High 

Light 

Moderate 
Heavy . . . 


Light 

Moderate 
Heavy . . . 


50-60 
50-60 
50-60 


Table  32.- 

—For  Sheet  Asphalt 

Traffic 

Temperature 

40-50 
40-50 
30-40 


If  a  tar  binder  is  used,  the  usual  grade  corresponds  to  Tarvia  X 
(Barrett  Company  Specifications). 

Amounts  of  Material.     Macadam  Bases. — See  Water-bound  and  Bitu- 
minous Macadam  Pavements,  pages  209  and  234. 

1  Heat  from  drying  drum  generally  eliminates  all  organic  impurities  except  free 
matter  like  sticks  or  leaves. 
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Mix 

Coarse  aggregate,        i                  Sand, 
cubic  yards              |              cubic  yards 

Cement, 
barrels 

1:3     :6 
1:2^:5 
1:2      :4 
1:1^:3 

0.95 
0.92 
0.90 
0.84 

0.47 
0.46 
0.45 
0.42 

1.0 
1.2 
1.5 
1.9 

Asphaltic  Mixes. — The  following  data  is  taken  from  the  Asphalt 
Association  Handbook  and  applies  to  unpatented  mixtures: 

Coarse  Graded  Aggregate  Asphaltic  Concrete 
2  In.  Thick,  Excluding  Seal  Coat 


Materials 

Pounds  per 
square  yard 

Tons  per  mile 
1  ft.  wide 

Coarse  stone 

147 

58 

9 

25 

18 

43.1 

Sand                                .                .            

17.0 

Mineral  filler ...        .    .    .    .            

2.6 

Seal  coat  stone ' 

7.3 

Asphalt 

5.3 

Fine  Graded  Aggregate  Asphaltic  Concrete  (Modified  Topeka) 

2  In.  Thick 


Materials 


Tons  per  mile 
1  ft.  wide 


Stone  chips . . 

Sand 

Mineral  filler 
Asphalt 


15.5 

36.1 

5.3 

5.3 


Amiesite. — ^This  is  a  patented  pavement  made  of  crushed  stone  coated 
with  asphaltic  cement.  It  has  been  used  on  many  miles  of  road  with  good 
results.  It  is  shipped  cold  in  a  friable  and  granulated  state,  spread  on 
either  macadam  or  concrete  base  and  well  rolled.  Amiesite  screenings  are 
then  spread  and  rolled,  forming  the  surface.  This  construction  costs 
about  the  same  as  asphaltic  concrete  per  square  yard.  It  resembles 
asphalt  in  appearance  and  has  the  advantages  and  disadvantages  of  all 
roads  of  this  class.     It  is  particularly  adapted  for  small  jobs  where  it 
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would  not  pay  to  set  up  an  asphalt  plant  or  where  suitable  asphalt  mate- 
rials are  not  locally  available. 

Amiesite.     Table  of  Depths  and  Weights — (Weights  Given  are  per   Square 

Yard) 


Amiesite 
loose,  inches 

Amiesite 
square  yards 
per  ton 

6 

s 

e.s 

c 

<D     O 
M     ft 

u  -S 

s  ^ 

-1 

J3 
03    3 

1- 

Ultimate  com- 
pression, 
inches 

03 

>•  a 

3    O 
C    ft 
02 

Limestone 

2M 

2^ 

3 

3% 

3« 

153 

178M 

204 

229K 

255 

13.0 

11.3 

9.8 

8.7 

7.8 

67% 
67% 
67% 
67% 
67% 

29.5 
29.5 
29.5 
29.5 
29.5 

3% 

3% 

4 

4% 

4% 

220% 
246% 
271% 
297% 
322% 

2 

2% 

2H 

2% 

3 

9.06 
8.12 
7.36 
6.73 
6.20 

Trap  rock 

2V4. 

3 

3^^ 
3^i 

168% 

225 

2531^ 

281M 

11.8 
10.2 
8.9 
7.9 
7.1 

75 
75 
75 
75 
75 

26.6 
26.6 
26.6 
26.6 
26.6 

3% 

3% 
4 

4?i 
4% 

243% 

271% 

300 

3281^ 

356% 

2 

2% 

2M 

2% 

3 

8.20 
7.36 
6.66 
6.10 
5.60 

Sandstone 

2M 
2% 
3 

3% 

164K 
19 IM 
219 
246% 
273% 

12.2 

10.4 

9.1 

8.1 

7.3 

73 
73 
73 
73 
73 

27.4 
27.4 
27.4 
27.4 
27.4 

3% 

3?^ 
4 

4^ 
4% 

237% 

260i 

292 

319% 

346% 

2 

2% 

2K2 

2% 

3 

8.43 
7.56 
6.85 
6.26 
5.77 

To  find  the  amount  of  loose  Amiesite  necessary  for  any  compressed  thickness,  subtract  J-^  in.  from 
compressed  thickness,  multiply  by  1^-2  which  equals  loose  thickness,  to  which  add  1  in.  for  filler. 

To  find  what  compressed  thickness  any  given  amount  of  loose  Amiesite  will  give,  subtract  1  in.  from 
loose  thickness,  multiply  by  '4^  and  add  J2  in.  for  filler. 


Design. — Design  includes  decisions  in  regard  to  the  selection  of  either 
macadam  or  cement  concrete  as  the  base;  the  depths  of  base  required 
for  the  soil  and  traffic  conditions  prevailing;  the  width  and  crown  of  the 
pavement  and  the  mix  and  depth  of  the  asphaltic  concrete   surface. 

Type  of  Base. — Macadam  base  is  an  economical  design  for  moderate 
traffic  where  the  macadam  is  constructed  at  least  a  year  ahead  of  the 
asphalt  surface.  Macadam  bases  are  rarely  desirable  where  the  asphaltic 
surface  is  laid  on  newly  constructed  macadam  as  traffic  pounding  is 
necessary  to  compact  macadam  construction  properly. 

Cement  concrete  base  is  the  most  feasible  type  for  heavy  traffic  where 
it  is  desirable  to  get  quick  results  on  new  grading  but  should  be  used 
with  caution  on  new  fills  of  depths  of  over  2  to  3  ft.  unless  special  care  is 
taken  in  grading  operations.  Despite  all  care,  it  is  not  advisable  to  use 
concrete  base  on  fills  over  10  ft.  high  or  on  side  hill  sections  part  in  cut 
and  part  in  fill  unless  the  grading  is  at  least  1  year  and  preferably  2  years 
old. 

Depth  of  Base. — If  the  macadam  type  of  base  is  selected,  it  is  merely  a 
matter  of  macadam  design.     The  required  depths  and  the  most  economical 
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use  of  local  materials  were  discussed  under  macadam  design  and  the 
reader  is  referred  to  Chap,  II,  pages  99  to  100  and  Macadam  Pavements, 
pages  203  to  238. 
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Fig.   136S. — Standard  section,  State  of  Pennsylvania  (1922). 
Contraction  and  Expansion  of  Mortar  and  Concrete 


Mortars 

Concretes 

Mixture 

Coefficient  of  expansion 
per  degree  Fahrenheit 

Mixture 

Coefficient  of  expansion 
per  degree  Fahrenheit 

Nf 

!at 
1 
2 
3 
4 
5 

0.000,007,83 
0.000,007,43 
0.000,006,00 
0.000,006,05 
0.000,005,94 
0.000,005,77 

1:1^:3 
1:2     :4 
1:2^:5 
1:3     :6 

0.000,006,77 
0.000,006,60 
0.000,005,58 
0.000,005,37 

If  the  concrete  type  of  base  is  selected,  it  is  necessary  to  decide  on  the 
richness  of  the  mix  and  the  depth  of  base.  Engineers  differ  as  to  the 
desirability  of  the  different  mixes  which  range  in  common  practice  from 
1:3:6   to    1:2:4.     For   the   same   strength,    the   leaner  mixes  require 
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greater  depth  and  they  are  also  a  little  more  apt  to  be  porous  and  to 
break  down  over  trenches  but  transverse  contraction  cracks  seem  less 
noticeable  with  the  leaner  mixtures  probably  on  account  of  lower 
coefficient  of  expansion  and  contraction.  The  tendency  is  towards  the 
use  of  1 :  23^^  :  5  or  1:3:5  as  a  good  practical  mix.  The  depths  of  base 
recommended  for  different  mixes  under  different  traffic  loading  is  given 
in  Table  23,  page  137,  and  ranges  from  6  to  8  in. 

Surface  Mix. — The  surface  mix  is  generally  in  two  layers,  binder  and 
finer  aggregate  mix.  The  depths  range  from  2  in.  where  binder  is  not 
used  to  3  in.  for  the  heavier  traffic  streets  (1-in.  to  IJ^-in.  binder  and 
13^^  to  2-in.  fine  aggregate  top). 

Figures  135  and  136  show  the  depths  of  binder  and  fine  mix  in  common 
use  (1922)  on  rural  highways.  Personally  the  author  prefers  1-in.  closed 
binder  and  l^^-in.  Modified  Topeka  Surface  Mix  for  ordinary  highway 
work.  On  extremely  heavy  traffic  road,  a  13-^-in.  binder  with  13^^  in.  of 
Fine  Graded  Mix  is  probably  better  for  such  conditions.  There  is  an 
infinite  variety  of  mixes  depending  on  materials  available  and  local 
climatic  and  traffic  conditions  and  the  best  mix  to  adopt  is  largely  a 
local  problem  which  can  be  best  solved  by  an  expert  asphalt  man  and 
gradually  modified  by  observed  action  for  any  locality.  Practically  all 
authorities  are  agreed  that  the  most  common  serious  fault  of  surface 
mixes  lies  in  insufficient  fine  sand  passing  80  and  retained  on  200;  insuffi- 
cient or  poor  grade  filler  passing  200  and  a  poor  relation  between  the 
proportions  of  fine  sand  80  to  200  to  the  amount  of  filler  and  bitumen. 
The  lack  of  durability  of  many  pavements  is  directly  chargeable  to  care- 
lessness in  grading.  The  following  typical  mixes  are  recommended  by 
the  Asphalt  Association  and  should  serve  very  satisfactorily  in  case 
local  practice  has  not  crystalized  on  a  somewhat  different  mix.  The 
reader  is  referred  to  books  by  Clifford  Richardson,  Prevost  Hubbard, 
etc.,  for  detail  data  on  asphalt  mixtures.^ 

TYPICAL  MIXES  RECOMMENDED  BY  ASPHALT  ASSOCIATION 
Asphaltic  Concrete  Surface  Course  (Fine  Graded  Aggregate  Type) 

Thickness,  2  in. 

Crown,  %  in.  to  the  foot  recommended. 

Materials — See  preceding  discussion. 

Mixture 

Per  Cent 

Passing  3^-in.  screen,  retained  on  10-mesh 20.0  to  35.0 

Passing  10-mesh  sieve,  retained  on  40-mesh 7.0  to  25.0 

Passing  40-mesh  sieve,  retained  on  80-mesh 1 1 . 0  to  36 . 0 

Passing  80-mesh  sieve,  retained  on  200-mesh 10.0  to  25.0 

Passing  200-niesh  sieve 7.0  to  11.0 

Bitumen  (asphalt  cement  soluble  in  carbon  disulphide) 7 . 5  to    9.5 

'  See  Richardson,  "Asphalt  Construction,"  McGraw-Hill  Book  Co.,  page  70. 


DETAILS  OF  DESIGN  AND  CONSTRUCTION  309 

Sheet  Asphalt  Binder  and  Surface  Courses 

Thickness,  Binder  course     1}^  in.  recommended. 
Wearing  course  13^2  in.  recommended. 

Total 3      in. 

Crown,  34  in.  to  the  foot  recommended. 
Materials — See  proceeding  discussion. 
Mixtures 

Binder  Course  Per  Cent 

Coarse  aggregate  retained  on  10-mesh  sieve 60.0  to  80. 0 

Sand  and  material  passing  10-mesh  sieve 15 . 0  to  35 . 0 

Bitumen  (asphalt  cement  soluble  in  carbon  disulphide) 4 . 0  to    6.0 

Surface  Course 

Passing  10-mesh,  retained  on  40-mesh  sieve 10 . 0  to  40 . 0 

Passing  40-mesh,  retained  on  80-mesh  sieve 22.0  to  45.0 

Passing  80-mesh,  retained  on  200-mesh  sieve 12.0  to  30.0 

Passing  200-mesh  sieve 10.0  to  20. 0 

Bitumen  (asphalt  cement  soluble  in  carbon  disulphide) 9 . 5  to  12 . 0 

Probably  the  simplest  way  for  the  student  to  consider  an  asphalt 
mixture  is  in  two  steps.  First  the  asphaltic  mortar  composed  of  bitumen 
and  all  the  mineral  aggregate  passing  a  No.  10  sieve  and  second  the  coarse 
mineral  aggregate  retained  on  the  No.  10  sieve.  The  mortar  must  con- 
form to  the  requirements  of  a  good  sheet  asphalt,  all  ingredients  of  which 
pass  a  No.  10  sieve,  and  the  amount  of  coarse  aggregate  added  to  the 
mortar  has  no  effect  on  proportioning  the  mineral  aggregate  of  the 
mortar  although  it  does  have  some  effect  on  the  total  bitumen  in  the 
final  mix. 

Good  representative  ideal  mortar  mixes  used  in  northern  states  for 
different  volumes  of  traffic  are  shown  in  table  on  page  310. 

It  is  important  to  have  from  10  to  12  per  cent  of  bitumen  to  insure 
good  life,  waterproofing,  etc.,  but  in  order  to  carry  the  proper  amount 
of  bitumen  and  still  have  a  good  workable  and  stable  mix  the  propor- 
tion of  bitumen,  200  and  80  factors  must  be  about  as  shown.  A  good 
grade  of  filler  (200  sieve)  is  important.  Limestone  dust  or  Portland 
cement  make  the  best  and  most  dense  product  but  it  is  rarely  advisable 
to  entirely  eliminate  the  200-mesh  sand  content  although  it  is  probably 
justifiable  to  restrict  the  200-mesh  sand  to  a  maximum  of  5  per  cent  of 
mortar  mix  and  make  up  the  balance  with  the  cement  or  stone  dust  filler. 

The  second  factor  (coarse  stone  aggregate  Ho  to  J4  in.  in  size)  is 
added  to  increase  stability  of  mix  under  traffic,  to  decrease  slipperyness 
of  the  pavement  and  to  reduce  the  cost  of  the  mix.  For  the  ordinary 
so  called  modified  Topeka  which  is  a  popular  type  the  amount  of  coarse 
stone  used  ranges  from  15  to  30  lb.  per  100  lb.  of  total  surface  mixture. 
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This  coarse  aggregate  consists  of  the  stone  coated  with  bitumen.  The 
amount  of  bitumen  necessary  to  coat  the  stone  of  the  size  usually  used 
is  about  2  per  cent  of  the  weight  of  the  stone. 

The  final  proportions  of  a  mix  consisting  of  both  mortar  and  coarse 
aggregate  can  now  be  very  easily  computed.  Suppose  we  propose  to 
figure  an  ideal  mix  using  20  lb.  of  coarse  aggregate  and  80  lb.  of  mortar 


AsPHALTic  Mortar  Mix  (Percentages  by  Weight) 


Class  of  traffic 


Bitumen, 
per  cent 


Mineral  aggregate 


200 

sieve 


80 


40 


10 


Total 
all  fac- 
tors, per 

cent 


Light 

Medium 

Heavy 

Allowable   variation    (per 
cent  each  size  or  factor) 


10.0 
10.5 
11.0 

9.5  to   12 


10.0 
12.5 
15 


15 
18 
21 

12  to  30 


10  to  20 
The   relation    of   these    col 
umns    must    remain    about 
constant.     That     is     they 
must  all  rise  or  fall  together 


30 

35 

34 

25 

34 

19 

22  to  45 

10  to  40 

This 

This 

column 

column 

should 

not  as 

not  be 

impor- 

much 

tant 

over 

twice 

the  80 

column 

100 
100 
100 


making  100  lb.  of  completed  surface  mix.  The  amount  of  each  factor 
in  the  mortar  content  of  the  final  mix  is  obtained  by  multiplying  the 
percentages  given  in  the  preceding  table  by  80  lb.  The  amount  of 
bitumen  figured  for  the  mortar  is  then  increased  by  2  per  cent  of  the 
weight  of  the  coarse  aggregate  20  lb.  X  00.2  =  0.4  lb.  and  the  net 
weight  of  the  coarse  aggregate  is  added  as  a  new  factor.  The  table  on 
page  311  of  ideal  mix  for  Topeka  construction  is  computed  in  this  manner. 

Binder. — The  binder  course  may  be  either  of  the  so-called  "open" 
or  "closed"  types.  Open  binder  is  merely  asphalt  or  tar  coated  stone 
ranging  in  size  from  ^-g  to  134  in*  This  type  of  binder  requires  from 
3.5  to  4.5  per  cent  of  bitumen.  The  closed  binder  is  more  nearly  a 
true  asphaltic  concrete  and  requires  careful  grading  of  aggregate.  By 
courtesy  of  Clifford  Richardson  we  quote  from  his  book  on  Asphalt 
Construction.^ 

1  "Asphalt  Construction,"  McGraw-Hill  Book  Co. 
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Open  Binder. — Open  binder  consists  of  stones  largely  of  one  size,  the  frag- 
ments being  from  ^i  to  1  in.  in  their  largest  diameter,  although  at  times  run  of 
crusher  has  been  used.  Broken  stone  of  the  latter  description  requires  a  larger 
amount  of  bituminous  cementing  material,  and  in  consequence  the  binder  is 
more  cohesive.  The  following  data  will  show  the  average  composition  of  open 
binders  which  have  been  used  at  different  times  in  the  construction  of  sheet 
asphalt  pavements. 

It  appears  from  these  figures  that  the  percentage  of  bitumen  which  a  binder 
requires  depends  largely  upon  the  amount  of  fine  material  which  it  contains. 
The  first  mentioned  in  the  table  contains  26.8  per  cent  of  fine  material  and 


Table  of  Ideal  Proportions,  Modified  Topeka  Mix 

Surface  Mix  (Percentages  of  Complete  Mix  by  Weight) 


Bitu- 
men 

Mineral  aggregate 

Total, 

Class  of  traffic 

200 
sieve 

80 

40 

10 

Hin. 

y2in. 

all 
factors 

Light 

8.2 
8.8 
9.5 

8  to  10 

7.0 

9.2 

11.5 

7  to  12 

12 
14 
17 

10  to  25 

22 
25 

28 

11  to  36 

26 
21 

17 
15 

8 
7 
5 

Less  than  10 

100 

100 

16             1.^ 

100 

Allowable     variation 
(per  cent  for  each  size 

7  to  25 

10  to  20 

requires  5.4  per  cent  of  bitumen,  while  those  made  from  cleaner  stone  where 
the  fine  particles  do  not  exceed  5  per  cent,  contain  less  than  4  per  cent  of  bitumen. 
In  preparing,  sending  to  the  street,  and  placing  a  course  of  open  binder,  care  is 
demanded  in  certain  directions.  The  stone  should  be  hard,  sufficiently  so  not 
to  crush  under  the  roller.  It  should  be  free  from  clay  and  dirt,  although  as 
has  been  said,  fine  particles  of  the  stone  itself  are  an  advantage  rather  than 
otherwise.  In  heating  the  stone  and  mixing  it  with  the  asphalt  cement,  great 
care  should  be  used  that  it  is  not  overheated,  since  if  this  is  the  case  a  proper 
coating  of  the  bonding  material  will  not  adhere  to  the  stone,  owing  to  the  exces- 
sive heat,  or  much  of  it  may  run  off  and  be  lost  during  the  haul  to  the  street. 
On  the  other  hand,  the  binder  should  be  hot  enough  to  permit  of  properly  coat 
ing  it  and  its  ready  compression  on  the  foundation.  An  open  binder  should  be 
bright  and  glossy,  and  not  dead  in  appearance,  as  it  is  dumped  from  the  truck. 
It  should  be  hot  enough  to  spread  readily  and  uniformly.  It  should  contain  no 
excess  of  bitumen  at  any  one  spot,  and  should  this  be  the  case,  such  spots  should 
be  removed  and  replaced.  Binder  after  it  has  been  placed  on  the  street  or  road, 
should  be  covered  within  the  shortest  space  of  time  possible  with  the  surface, 
as  when  it  has  been  wet,  tracked  with  dirt,  or  become  covered  with  horse-drop- 
pings or  dead  leaves,  the  adhesion  of  the  surface  mixture  to  it  will  not  be  complete. 
In  actual  practice  a  9  cu.  ft.  box  of  broken  stone  for  binder  which  will  weigh 
about  900  lb.  will  require  about  40  lb.  of  Trinidad  and  about  36  lb.  of  Bermudez 
asphalt  cement,  but  the  cement  must  be  regulated  by  observing  the  appearance 
of  the  material  in  the  truck  and  on  the  street. 
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In  preparing  a  binder  at  the  plant  the  mixer  in  use  should  have  teeth  with  a 
sufficient  clearance  between  them  and  the  lining  of  the  mixer  so  that  the  largest 
particles  of  stone  cannot  become  wedged  between  them,  and  thus  rapidly  wear 
out  the  lining  of  the  mixer.  It  is  not  good  practice  to  attempt  to  mix  binder 
in  the  same  mixer  that  is  employed  for  preparing  the  surface  mixture.  A  sepa- 
rate one  should  be  emj^loyed,  although  in  some  of  the  smaller  plants  of  a  portable 
description,  it  is  not  always  possible  to  do  so,  in  which  case  provision  must  be 


Average  Composition  of  OPE>f  Binders  Used  in  Sheet  Asphalt  Pavement 


Test  No. 

69978 

70804 

70854 

71102 

74893 

Bitumen 

5.4% 

5.8" 

41 .4 
7.0. 

4.4% 
0.0. 

3.8% 

18. 0' 
0.0, 

3.6% 

13.5' 
0.0 

3.5% 

49  5l 

Filler 

Sand 

Stone: 

Passing  J^t-in.  sieve 

Passing  ^'^-in.  sieve 

10  0 

32  sh^O 

Retained  l-in.  sieve 

0.0. 

100.0 

100.0 

100.0 

100.0 

100.0 

made  for  making  a  change  of  teeth  from  the  longer  to  a  shorter  form,  in  chang- 
ing from  surface  to  binder  mixing. 

Close  Binder.  1 — Close  binder  is,  or  should  be,  a  true  asphaltic  concrete.  It 
consists  of  the  same  broken  stone  of  which  the  open  binder  is  made,  but  the  voids 
in  it  are  filled  with  smaller  stone  and  with  an  asphaltic  mortar  corresponding  to 
the  ordinary  asphalt  surface  mixture.  For  the  construction  of  a  close  binder  or 
asphaltic  concrete  of  the  highest  type,  the  grading  of  the  mineral  aggregate 
should  be  carefully  regulated.  This  can  be  done  by  determining  the  voids  in 
the  coarser  stone,  calculating  the  amount  of  fine  stone  necessary  to  fill  these, 
and  again  the  amount  of  sand  to  fill  those  in  the  mixture  of  coarse  and  fine  stone. 
This  can  be  readily  done  by  constructing  a  box  of  sheet-iron  or  wood  of  exactly 
1  cu.  ft.  capacity.  It  is  filled  with  the  hot  coarse  stone  which  is  compacted  by 
shaking.  The  surface  is  then  struck  off  and  the  box  weighed.  Allowing  for 
tare,  the  weight  of  1  cu.  ft.  of  the  coarse  stone  is  obtained.  Knowing  the  density 
of  this  stone,  2.65  for  limestone  and  2.9  to  3.0  for  trap-rock,  the  weight  of  a 
solid  cubic  foot  of  the  stone  can  be  calculated.  By  dividing  the  weight  of  a 
cubic  foot  of  the  broken  stone  by  the  weight  of  a  solid  cubic  foot  of  the  material, 
the  voids  can  be  determined.  In  the  same  way  the  weight  of  a  cubic  foot  of 
the  finer  stone  and  of  the  sand  can  be  arrived  at.  One  can  readily  calculate 
the  amount  of  each  which  it  is  necessary  to  use  to  fill  the  voids  in  the  coarse  stone, 
and  again  in  the  mixture  of  the  coarse  and  fine  stone.  The  proportions  for 
actual  use  can  be  readily  determined  and  the  amount  of  bitumen  required  from 
the  percentages  of  broken  stone  and  sand  that  are  present. 

'Quoted  from  "Asphalt  Construction,"  Clifford  Richardson,  McGraw-Hill 
Book  Co. 
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As  an  example  of  the  proportions  of  coarse  stone,  fine  stone,  sand  and  asphalt 
cement  in  actual  use  in  preparing  a  close  binder,  the  following  figures  will  serve : 


New  York 

Plant  1 

Plant  2 

Boston 

Coarse  stone 

480  1b.  =54.6% 
200  1b.  =22.7 
150  1b.  =  17.0 

480  1b.  =  53.3% 
202  1b.  =22.4 
150  1b.  =  16.7 
68  1b.  =     7.6 

Fine  stone 

885  1b.  =73.4%) 
250  1b.  =20.8 
70  lb    =     5  8 

Sand 

Trinidad  asphalt  cement 

Bermudez  asphalt  cement .... 

50  1b.  =     5.7 

880  1b.  =  100.0 

900  1b.  =  100.0 

1,205  1b.  =  100.0 

Analyses 

Bitumen  soluble  in  CS2 5.6% 

Passing  200-mesh  screen 4.4 

Passing  10-mesh  screen 29 . 2     33 . 6 

Passing  8-mesh  screen 1.8 

Passing  J'i-in.  screen 10.0 

Passing  ^^-in.  screen 23 . 2 

Passing  %-in.  screen 13 . 6 

Passing  1-in.  screen 7.4 

Retained  1-in.  screen 4.8 


100.0 


5.2% 

4.8% 

6.4 

4.2 

29.0     35.4 

26.4 

2.0 

0.8 

7.0 

4.4 

25.8 

24.4 

17.8 

32.2 

6.8 

2.8 

0.0 

0.0 

30.6 


100,0 


100.0 


At  some  plants  it  is  impossible  to  separate  the  stone  into  coarse  and  fine 
particles,  in  which  case  the  heated  stone  of  both  sizes  is  collected  in  one  bin,  but 
segregation  generally  occurs  under  such  circumstances.  In  arranging  the  grad- 
ing of  the  mineral  aggregate  care  should  be  taken  to  see  that  the  amount  of  fine 
material,  while  sufficient  to  fill  the  voids  in  the  stone,  is  not  present  in  excess, 
since  in  this  case  the  surface  of  the  binder  when  compacted  on  the  street  will  be 
too  smooth  to  bond  properly  with  the  wearing  surface,  and  resulting  displacement 
under  travel  will  be  possible.  An  excess  of  bitumen  must  also  be  avoided  for 
the  same  reason,  and  if  spots  in  the  binder  as  laid  show  anything  of  this  descrip- 
tion, the  material  should  be  removed. 

An  entirely  satisfactory  close  binder  can  be  constructed  for  all  but  the  most 
trying  conditions  by  the  use  of  selected  old  surface  material,  which  has  been  dis- 
integrated and  softened  by  steam,  for  filling  the  voids  in  the  ordinary  open 
binder.  It  is,  of  course,  a  matter  of  great  economy  to  turn  out  a  close  binder  in 
this  manner.  The  old  surface  material  having  been  crushed  and  softened  by 
dry  steam,  is  added  in  the  mixer  to  the  hot  binder  stone  and,  in  this  manner, 
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further  disintegrated  and  distributed  among  the  stone.  The  proper  amount  of 
additional  asphalt  cement  is  added  to  coat  the  stone  and  enrich  the  old  surface 
mixture.  It  does  not  possess  the  complete  stability  of  an  asphaltic  concrete 
but  it  is  infinitely  superior  to  the  ordinary  open  binder  for  the  construction  of  an 
intermediate  course. 

The  asphalt  cement  in  use  in  binder  may  well  be  considerably  softer,  ten  to 
fifteen  points,  when  it  is  possible  to  make  it  so,  than  that  in  use  in  the  sheet 
asphalt  surface. 

In  the  construction  of  asphalt  pavements  with  an  asphaltic  concrete  binder 
course,  the  surface  should  be  applied  to  it  before  it  has  become  entirely  cold. 
It  is  well  to  run  out  binder  to  the  street  for  not  more  than  half  of  a  working  day 
and  to  cover  it  with  surface  during  the  same  day.  This  is  much  more  important 
with  a  close  than  with  an  open  binder.  It  is  not  possible  to  do  satisfactory  work 
where  a  large  area  of  close  binder  is  laid  on  one  day  and  covered  with  surface 
on  the  next. 

Width  and  Crown. — Normal  widths  for  heavy  traffic  roads  on  which 
asphaltic  concretes  can  be  economically  used  range  from  18  to  20  ft,  on 
straight  alignment.  On  sharp  curves,  these  widths  are  increased,  see 
Tables  lOA  and  lOB,  page  70. 

Either  the  parabolic  or  circular  arc  crown  is  suitable;  as  discussed 
under  concrete  pavements,  the  circular  arc  is  to  be  preferred.  A  crown 
slope  of  3-^  to  %  in.  per  foot  is  usual  practice.  For  rural  highways,  %  in. 
is  probably  the  better  rate.  For  village  streets  of  considerable  width,  the 
following  figure  shows  current  practice  for  different  types  of  pavement. 
As  the  grade  increases  the  crown  is  reduced.  On  sharp  curves,  a  one-way 
banked  crown  is  used,  see  page  211  for  ordinary  practice. 

Equipment. — Grading  and  culvert  equipment  is  similar  to  any  other 
road  job.  From  the  standpoint  of  the  Engineer  and  Inspector,  the 
essential  requirements  of  the  Mixing  Plant  are  described  in  the  pocket 
reference  for  Engineers  of  the  Asphalt  Association  as  follows : 

Plant  Requirements. — (From  proposed  specifications  for  sheet  asphalt  pavements 
A.  S.  M.  I.  1922.)  (a)  The  plant  used  in  manufacturing  the  pavement  must  be  of 
the  batch  type  and  capable  of  mixing  in  the  manner  herein  specified  not  less  than  80 
tons  of  surface  mixture  per  day  of  8  hours  and  must  be  provided  with  separate 
chambers  for  heating  and  mixing  the  ingredients.  The  stone  and  sand  shall  be 
heated  in  a  suitably  designed  revolving  drier.  The  mixing  shall  be  done  in  a  twin- 
shaft  mixer  of  the  pugmill  type  capable  of  holding  and  properly  mixing  not  less 
than  a  750-lb.  batch  of  surface  mixture.  Each  plant  must  be  provided  with  asphalt 
kettles  of  such  capacity  that  one  filling  of  them  will  be  sufficient  for  a  day's  run  and 
so  designed  as  to  secure  uniform  heating  of  the  entire  contents.  There  shall  also  be 
provided  a  bin  for  the  storage  of  hot  aggregate  having  a  storage  capacity  of  not 
less  than  1  ton  and  provided  with  at  least  two  compartments.  It  shall  have  an 
overhead  6-  or  8-mesh  rotary  screen  not  less  than  6  ft.  long,  for  separating  the  coarse 
and  fine  aggregate  and  delivering  them  to  the  separate  compartments,  also  a  screen 
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Asphalf  Block 
'-^Lenafh^'IO"foiB  "W,M  ^S  7o  6  " 
Depfh^ZyfoS'  Cushion  f'ofaass'D" 
Mortar       WidHiof ffaadwau  Cvwrr 


''in  Inches    Pa  ml- Coal- 

.-^.x,  „,  u  Srick  5he2+ AsphoTT 

-^iT^u'^^^tr^'^    WdHi^3'//  Depth--4"     Wearina Surface  ^P" 
^(ushion=/'  Cemenf6and'l:4ml,eddru  a".jji^^^^°"'/ 


Wood  _..-..        ,^ 
W/^-  '5%  10  "-Widfh  -3M''Dwifi£l 
Cushion  ^'/^'Gass  "D'Morhr  or '/gpikhpaiiii: 
coat  or  nof  over  'jk  'Wis  V  '"mor  tar  »;tih'^  ""' 


mdfhomad:^--Cro„n  m  Trche, 


.^^ush/on=/    CementSand-l:4mlxfddru 
(wftigroififiller)orl"Sand(wittjBituminoui 


Binder  Course  -I" 


Mtigrouifiller)orrSandlw,tt,B,turm^ui       "    w-jtu^rl','  t03 

rnerj      WmofRoadway.Cra^n,nJnches        ^-'^tt°p22d}!Pit--Cr,,„,rrInches^^^'j^,rff 


17     L,  „'      ,    S^o^e  Block 
-'Length  8  tolO '  Widfh'4"fo6"  DepthS'hS/ 
■hion--l<;and      Width  nf Rnnrluynl,  ^ 


W/dfh  offfoadwau^  r  t    , 
^ '^'irown  in  Inches 


mrr-Lengrri  o  n/u  Widtti-rtoG"  DepfhStoSj. 


:L, 
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^;f^-\  Class  "EXoncrefe  Ueta  1 1  o+  Cur  b 
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^'^oNess  than  G''of  Grave/or  BrohnShne 


Fia.  137A. — Standard  crowns,  Rochester,  N.  Y.     Authors  Note — Rochester  crowns  give 

a  pleasing    appearance. 


ROSEWATER  RULE 

FOR 

ALL  SURFACES  EXCEPT 

SHEET  ASPHALT 

Crown=  ^Vidth  (100-4  x%  Grade) 


20  30  40  CO    20  30  40  50 

Width  of  Pavement  in  Feet  Width  of  Pavement  in  Feet 

Fig.   1372?. — City  street  crowns.^ 
1  Agg's.     "  Construction  of  Roads  and  Pavements." 
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for  rejecting  oversize  binder  stone;  bins  and  screen  to  be  provided  with  overflow 
pipes.  (Note. — The  size  opening  in  the  screen  should  be  varied  according  to  the 
type  of  mixture  as  required  by  specifications.)     The  hopper  into  which  the  hot 


Fig.   138.4.- 


-Portable   car  mixing   plant   sot  up   ready  for  operation, 
•f. 30,000.     Capacity  100  to  150  tons  daily. 


( '(.St    ^^J.3, (»()()   to 


aggregate  is  drawn  from  the  bin  must  rest  upon  a  set  of  scales  so  arranged  that  a 
definite  weight  of  material  can  be  weighed  out  of  the  bin  and  delivered  to  the  mixer. 
(b)  The  asphalt  bucket  used  to  measure  and  apply  the  asphalt  must  be  balanced 
upon  a  set  of  scales  and  so  arranged  that  the  asphalt  can  be  easily  and  quickly  weighed 
and  be_applied  in  a  thin  sheet  the  full  width  of  the  mixer. 


Fig.    1385. — Knocked  down  ready  for  shipment. 

(c)  The  plant  shall  be  provided  with  an  asphalt  thermometer  for  the  melting 
kettles  of  the  recording  type  where  steam  heat  is  not  used,  an  electric  pyrometer  at 
the  discharge  chute  of  the  drier,  a  platform  scale  and  at  least  two  inspector's  armored 
thermometers. 
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(d)  The  different  kinds  of  sand  and  stone  used  shall  be  kept  separate  and  such 
provisions  as  are  deemed  necessary  by  the  engineer  to  keep  them  from  becoming  mixed 
shall  be  made  by  the  contractor. 

Hauling  and  Laying  Equipment. — The  hot  mix  is  usually  hauled  to  the 
road  in  trucks  covered  with  canvas  and  the  spreading  equipment  includes 
suitable  rakes,  shovels,  tampers,  tool  heaters,  brooms,  pouring  pots  and 
one  or  two  tandem  rollers,  preferably  of  two  sizes,  a  5  ton  and  an  8  ton. 


Fig.   1'A9. — Usual  laying  equipment. 

Inspection  Details. — Two  inspectors  are  required  to  handle  the  plant 
work  and  the  road  work. 

Plant  Inspection. — Plant  inspection  covers  testing  materials  and  pro- 
portions of  mix.  Checking  temperatures,  uniform  feed  of  aggregates  to 
drying  drum,  time  of  mixing  and  certification  of  load  weights  as  the  mix 
leaves  the  plant  for  the  road. 

Plant   testing   can   be   carried   out  with   the   following  equipment: 

Plant  Testiyig  Equi-pment. 

1  set  of  standard  screens  and  sieves  as  may  be  called  for  in  specifi- 
cations requirements. 

1  stiff  brush  for  cleaning  sieves. 

1  laboratory  stone  balance  (pan  capacitj^  10  lb.). 

1  laboratory  sand  balance  (pan  capacity  100  gr.). 

1  penetration  machine  with  needles,  glass  dish  large  pan  for  holding 
water  and  thermometer. 

1  paddle  and  roll  of  manilla  paper  for  pat  test  (for  sheet  asphalt 
surface  mixtures). 

2  armored  thermometers  of  suitable  range  for  recording  tempera- 
tures of  the  hot  aggregates  and  mixtures. 

A  supply  of  report  forms. 

All  apparatus  should  be  properly  housed  in  a  separate  building  or 

room  not  less  than  10  by  10  ft.  and  provided  with  a  stool  and 

work  bench. 
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Sampling  should  follow  the  proposed  methods  of  the  American  Society. 

Samples. — (Adapted  from  proposed  specifications  for  sheet  asphalt 
pavements  A.  S.  M,  I,  1922.)  Samples  should  be  put  in  clean,  dry 
containers,  preferably  tin  boxes  or  cans.  The  following  amounts  of  the 
different  materials  are  required  for  test: 

Pounds 

Stone,  slag  and  gravel 5 

Filler K 

Sand 1 

Refined  asphalt 1 

Asphalt  cement ; 1 

Flux 1 

Method  of  Sampling. — Extreme  care  should  be  taken  in  every  case 
to  obtain  a  sample  which  is  truly  representative  of  the  material  to  be 
examined.  These  samples  are  for  the  use  of  the  testing  laboratory  only 
and  should  not  be  used  for  testing  at  the  plant  before  submitting  them  to 
the  laboratory.  The  particular  precautions  to  be  observed  in  each  case 
are  given  below. 

Stone,  Slag  or  Gravel. — A  sufficient  number  of  5-lb.  samples  to  be 
taken  from  different  parts  of  the  pile.  These  should  be  thoroughly 
mixed  together  and  reduced  by  quartering  to  the  desired  size. 

Filler. — Samples   should   be   taken   from   several   bags   and   mixed. 

Sand. — Samples  should  be  taken  from  the  interior  of  the  pile  where  the 
sand  is  damp.  A  sufficient  number  of  1-lb.  samples  to  be  taken 
from  different  parts  of  the  pile.  These  should  be  thoroughly  mixed 
together  and  reduced  by  quartering  to  the  desired  size. 

Refined  Asphalt  and  Asphalt  Cement.— (a)  In  barrels:  At  least  one 
sample  should  be  taken  from  each  batch.  It  should  be  taken  at  sufficient 
depth  below  the  surface  to  insure  obtaining  representative  material  free 
from  all  dirt  or  other  extraneous  matter,  and  at  a  point  not  less  than 
four  (4)  inches  distant  from  the  top  and  sides  of  the  barrel,  (b)  In 
tank  cars:  The  contents  of  the  tank  should  be  heated  until  completely 
liquid  throughout.  It  should  then  be  agitated  and  thoroughly  mixed  by 
means  of  air  or  steam,  after  which  the  sample  shall  be  taken  from  the 
dome  in  such  a  manner  as  to  obtain  the  asphalt  from  a  point  at  least 
three  (3)  feet  below  the  surface,  (c)  In  kettles:  The  contents  of  the 
kettles  must  be  completely  liquid  and  thoroughly  agitated  previous  to 
and  during  sampling.  The  sample  may  be  taken  from  the  pipe  through 
which  the  material  is  delivered  to  the  mixer  by  means  of  a  clean  dipper. 

Flux. — ^The  directions  given  for  sampling  refined  asphalt  and  asphalt 
cement  apply  to  this  material  except  that  under  ordinary  conditions  it 
is  not  necessary  to  agitate  the  contents  of  the  tank-car. 

Surface  and  Binder  Mixtures. — Samples  should  preferably  be  taken 
on  the  street  after  the  mixture  has  been  shoveled  and  raked.     Samples 
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taken  from  the  plant  shall  be  obtained  from  the  wagons,  special  care 
being  observed  to  avoid  material  from  the  top  of  the  load  or  which 
appears  to  vary  from  the  average.  Samples  should  be  pressed  between  a 
sheet  of  paper  and  trimmed  while  hot  to  a  convenient  size.  This  is 
known  as  the  pat  test.  The  impression  left  on  the  paper  is  a  fair  guide 
as  to  the  proper  grading  of  the  mix  (see  Figs.  140A  to  MOD). 

A  description  of  the  Pat  Test  from  Richardson,  "Asphalt  Construc- 
tion," is  quoted  as  follows: 

"With  the  first  three  points  arranged  in  a  satisfactory  way,  the  fourth  or  last 
point  was  to  decide  on  how  much  asphalt  cement  the  mineral  aggregate  would 
carry.  This  has  been  determined  in  recent  years  by  the  pat  test  which  readily 
shows  whether  an  excess  or  deficiency  in  asphalt  cement  has  been  used.  This 
test  cannot,  in  all  probability,  be  improved  upon.  If  each  grain  of  material 
in  the  mineral  aggregate  is  coated  with  asphalt  cement  and  the  voids  more  than 
filled  the  excess  wiU  be  squeezed  out  in  making  a  pat  and  stain  the  paper  exces- 
sively. If  the  voids  are  not  filled  the  only  stain  upon  the  paper  will  be  a  light 
one  from  the  cement  coating  the  grains  of  sand.  A  perfect  mixture  will  contain 
just  enough  cement  to  fill  the  voids  in  the  aggregate,  stain  the  paper  well  but 
not  excessively.  The  hotter  the  mixture  the  more  liquid  the  asphalt  cement 
and  the  freer  the  stain.  Cold  mixtures  will  give  no  indication,  while  the  difference 
in  the  markings  of  a  fine  and  coarse  sand  will  be  readily  .learned  by  experience. 

The  preceding  instructions  are  satisfactory  for  turning  out  a  mixture  for  the 
conditions  ordinarily  met  with  if  the  available  materials  admit  of  following  them, 
or  for  judging  the  character  of  old  surfaces  when  they  have  been  resolved  into 
their  constituents  by  analytical  methods. 

The  pat  paper  test  which  is  referred  to  above,  is  thus  described  in  the  author's 
book,  ''The  Modern  Asphalt  Pavement." 

"A  small  wooden  paddle  with  a  blade  3  to  4  in.  wide,  5  or  6  in.  long,  and  }4  in. 
thick,  tapered  to  an  edge  at  one  end  and  with  a  convenient  handle  at  the  other,  is 
used  to  take  as  much  of  the  hot  mixture  from  the  wagon  as  it  will  hold,  being 
careful  to  avoid  any  of  the  last  droppings  from  the  mixer  which  may  not  be 
entirely  representative  of  the  average  mixture.  Samples  of  mixture  should 
never  be  taken  from  the  mixer  itself,  but  only  from  the  wagon  after  mixing  is 
completed. 

"  In  the  meantime  a  piece  of  brown  manUa  paper  with  a  fairly  smooth  surface, 
10  or  12  in.  wide,  and  torn  off  at  the  same  length  from  a  roll  of  this  paper,  which 
can  be  had  at  any  paper  warehouse,  is  creased  down  the  middle  and  opened 
out  on  some  very  firm  and  smooth  surface  of  wood,  not  stone  or  metal,  which 
would  conduct  heat  too  rapidly.  The  hot  mixture  is  dropped  into  the  paper 
sideways  from  the  paddle  and  half  of  the  paper  doubled  over  on  it.  The  mixture 
is  then  pressed  down  flat  with  a  block  of  wood  of  convenient  size  until  the  surface 
is  flat.  It  is  then  struck  five  or  six  sharp  blows  with  the  block  until  the  pat  is 
about  3^  in.  thick." 

The  paper  will  be  found  to  be  stained  to  a  different  degree  depending  upon 
whether  there  is  a  deficiency  a  proper  amount  or  an  excess,  present.  Examples 
of  such  stains  are  illustrated  in  the  accompanying  Figs.  A  to  D. 
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Fig.  140^. — Slight  excess  of  asphalt. 
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ERRATA 

The  legends  for   Figs.    140A  and  HOC  have  been  transposed  and  should  read 
as  follows: 

Fig.  140^1.— About  right  amount  of  asphalt. 
Fig.  140C.— Slight  excess  of  asphalt. 
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Fig.  140B. — Strong  excess  of  asphalt. 
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Fig.  1404. — Slight  excess  of  asphalt. 
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Fig.  140B. — Strong  excess  of  asphalt. 


21 


322 


RURAL  HIGHWAY  PAVEMENTS 


Fig.  140C. — About  right  amount  of  asphalt. 
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Plant  Analysis. — The  proper  proportions  of  aggregate  are  determined 
b}'  analyzing  the  sizing  of  the  different  materials  separately  and  then 


Fig.  1402). — Slightly  deficient  in  asphalt. 
Figs.  1404,  B,  C  and  D. — Pat  test  illustrations. 
I^From  Richardson's  "Asphalt  Construction  for  Pavements  and  Highways.") 

determining  the  proper  proportion  of  each  for  the  mix  desired.     A  sample 
record  of  such  work  follows : 

Proportions  of  Mix. — The  proportions  of  mix  should  be  determined  by 
the  engineer  by  screen  analysis  of  the  different  materials  that  the  con- 
tractor proposes  to  use. 
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As  an  example  assume  that  a  mixture  of  cement,  fine  sand,  coarse 
sand  and  buckwheat  stone  is  proposed  and  it  is  desired  to  determine  the 
relative  amounts  of  the  different  materials  to  use  in  order  to  get  the 
correct  proportion  of  sizes  specified. 

For  all  ordinary  purposes  a  size  analysis  can  be  safely  made  using 
the  following  screens:  200,  80,  40,  10,  3^^  in.  and  }'2  in. 

The  materials  are  thoroughly  dried  and  the  percentages  expressed 
by  weight. 

Fine  Sand  (Feeder  Fit)  Road  63 

Per  Cent 

Passing  200 5 

Passing    80  retained  on  200 70 

Passing    40  retained  on    80 25 

Good  Quality 
Coarse  Sand  (Bauerman  Pit)  Road  63 

Per  Cent 

Passing  200 , 1 

Passing    80  retained  on  200 2 

Passing    40  retained  on    80 29 

Passing    10  retained  on    40 68 

Buckwheat  Stone  (Commercial  Plant)  Road  63 

Per  Cent 

Passing  200 1 

Passing    40  retained  on  200 2 

Passing     10  retained  on    40 7 

Passing    3-^  retained  on     10 60 

Passing    J^  retained  on    l-i 30 

The  proportions  can  now  be  varied  to  produce  practically  any  required 
mix. 

Tabulation  Showing  Method  of  Determining  the  Number  of  Pounds  of  Each 
Material  to  be  Used  in  a  100-Lb.  Batch  to  Produce  a  Required  Mix 


Material 

Number 
pounds 

Bitu- 
men 

Mineral  aggregate 

200 

SO 

40 

10 

Min. 

Kin. 

Bitumen 

Cement 

Fine  sand 

9.5 

8.5 
33.0 
33.0 
16.0.. 

9.5 

8.5 
1.5 
0.3 
0.1 

23.1 
0.7 
0.1 

8.4 
9.6 
0.2 

22.4 
1.1 

9.7 

Coarse  sand 

Buckwheat  stone 

4.8 

Totals 

100. 0 

9.5 

10.4 

23.9 

18.2 

23.5 

9.7 

4.8 

Note. — The  above  mix  used  on  Road  63  has  served  well  for   12  years  under 
class  IIA  traffic. 
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In  this  way  the  effect  of  varying  any  of  the  component  parts  of  the 
mix  can  be  readily  seen  and  determined. 

The  total  size  of  the  batch  is  of  course  varied  to  suit  the  capacity  of 
the  plant. 

The  laboratory  analysis  of  the  daily  sample  taken  on  the  road  fur- 
nishes a  check  on  the  plant  inspector. 

The  usual  daily  plant  analysis  consists  of  a  mechanical  sieve  analysis 
of  the  hot  aggregate  as  it  runs  into  the  batch  box.  If  it  varies  much  from 
the  desired  amount,  the  method  of  feeding  the  various  sizes  to  the  drum 
should  be  changed.  The  proportioning  of  the  different  sands  and  stones 
to  the  drying  drum  is  often  very  crudely  done  and  results  in  anon-uniform 
aggregate.  This  does  not  generally  occur  in  large  stationary  plants  but 
is  a  frequent  source  of  trouble  in  small  semi-portable  road  plants. 

Checking  Temperatures. — Probably  the  most  important  duty  of  the 
plant  inspector  on  road  jobs  is  to  prevent  overheating  of  the  bitumen  or 
stone  aggregates  as  most  of  our  failures  are  directly  traceable  to  overheat- 
ing. In  small  semi-portable  plants,  the  storage  bin  for  the  aggregate  is 
generally  small  and  it  is  difficult  to  regulate  the  heat  of  aggregate  running 
directly  from  drum  to  batch  with  small  storage.  The  plant  inspector 
must  under  no  circumstances  permit  overheating  which  is  generally  set  at 
350  deg.F. 

Time  of  Mix. — Minimum  time  of  mix  recommended  by  Asphalt  Assoc. 

Binder  Course 30  seconds. 

Modified  Topeka  or  Sheet  Asphalt  Surface 60  seconds. 

Record  of  Output. — A  record  of  the  weight  and  temperature  of  each 
load  is  made,  see  page  327. 

Field  Inspection. — The  inspection  of  grading,  culverts  and  macadam 
bases  are  the  same  as  discussed  under  Macadam,  pages  217  and  229. 

The  essentials  of  inspection  of  concrete  paving  base  is  the  same  as  for 
concrete  pavement  (see  pages  277  to  291)  in  regard  to  subgrade,  form 
setting,  mixing  and  placing  except  that  the  finishing  requires  different 
procedure  and  while  the  curing  must  not  be  neglected  and  requires  earth 
cover  and  sprinkling,  it  does  not  require  burlap  or  canvas  covers  imme- 
diately following  the  placing. 

The  surface  of  the  concrete  base  must  not  show  porosity  or  voids 
of  any  kind  and  the  coarse  aggregate  must  be  embedded  but  a  smooth 
glassy  surface  is  undesirable  as  the  binder  coat  does  not  get  a  good  grip 
and  tends  to  shove  more  readily  into  waves.  The  same  care  must  be 
exercised  to  get  a  uniform  crown  and  longitudinal  profile  as  depressions 
or  humps  in  the  foundation  eventually  produce  an  uneven  surface  due  to 
the  impossibility  of  laying  unequal  depth  surface  mix  with  the  same 
degree  of  compaction.     The  surface  mix  must  he  uniform  in  thickness. 
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City  of  Rochester,  N.  Y.  Specifications  limit  the  variation  in  depth  of 
surface  mix  as  follows:  "The  surface  thickness  shall  not  be  less  than  2  in. 
Not  more  than  10  per  cent  excess  thickness  will  be  permitted  at  any  one 
spot." 

Inspection  of  Laying  Asphaltic  Surface. — The  inspection  of  laying  and 
compacting  the  binder  and  surface  layers  of  asphaltic  concrete  includes: 
Approval  of  the  condition  of  the  concrete  or  macadam,  base,  checking  the 
depth  of  spread,  temperature  of  mix  as  delivered,  amount  of  rolling  and 
true  shape  of  finished  surface. 

Condition  of  Base. — The  base  must  have  set  a  sufficient  time  and  be 
well  hardened.  Specifications  for  the  time  of  curing  of  cement  concrete 
bases  range  from  7  to  21  days.  Fourteen  days  is  a  reasonable  length 
of  time  in  warm  weather  which  should  be  increased  to  21  days  in  the  fall 
when  the  temperature  falls  below  50  on  the  average. 

The  base  must  be  clean  and  free  from  dust,  mud  or  organic  deposits 
or  leaves.     It  should  be  broomed  just  prior  to  laying  the  asphaltic  mix. 

The  base  must  not  be  wet.  Slight  dampness  does  no  harm  but  no 
asphaltic  mix  should  be  laid  during  rain  or  when  the  base  has  any  pools 
of  water  or  any  snow  on  its  surface. 

Binder  Course. — Binder  should  be  laid  only  as  far  ahead  of  the  surface 
as  needed  for  keeping  the  work  moving  and  should  never  be  more  than  a 
day  in  advance  of  the  surface  mix.  If  such  binder  develops  flaws  such 
as  poor  bond  or  becomes  broken  up  under  traffic,  it  must  be  removed 
and  replaced  with  fresh  material. 

Temperature  of  Mix. — The  plant  inspector  is  supposed  to  prevent 
overheating  so  that  the  usual  point  for  the  field  inspector  to  watch  is 
minimum  temperature.  This  is  generally  set  at  200  deg.  F.  Once  in  a 
while  a  hot  load  gets  by  the  plant  inspector,  which  can  be  easily  detected 
at  the  road  as  the  load  will  develop  a  heavy  white  smoke  when  dumped. 
Maximum  temperature  is  usually  set  at  325  deg.  F.  at  the  street  or 
350  deg.  F.  at  the  plant. 

Thickness  of  Spread. — Thickness  of  spread  is  regulated  by  weight. 
Each  driver  is  furnished  by  the  plant  inspector  with  a  card  certifying 
weight  of  load.  This  card  is  given  to  the  field  inspector  who  regulates 
the  distance  (number  of  square  yards)  that  each  load  should  cover.  For 
all  practical  purposes,  the  ordinary  surface  mix  (Topeka)  weighs  about 
105  lb.  per  square  yard  per  inch  thickness  of  consolidated  finished  depth. 
The  weight  of  binder  depends  on  the  mix  used;  it  is  usually  paid  for  by  the 
ton  and  put  on  under  a  specification  of  a  certain  number  of  pound  per  square 
yard.     The  record  of  weight  and  surface  area  is  illustrated  on  page  327. 

The  mix  must  be  clumped  ahead  of  the  spread  and  entirely  rehandled 
by  spreading  with  hot  shovels  and  raked  to  final  shape  with  hot  rakes. 

Joints.- — All  joints  where  work  is  stopped  at  noon  or  night  must  be 
cut  back  square  vertical  edges  to  full  depth  and  painted  with  hot  asphalt. 
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Rolling  and  Finish. — ^As  soon  as  practicable,  the  surface  should  be 
rolled  with  a  light  (3-ton)  tandem  roller  and  the  final  compression 
obtained  with  a  7-  or  8-ton  tandem.  Rolling  is  important.  It  requires 
not  only  the  ordinary  straight  roll  but  also  cross-rolling  to  produce  a 
smooth  result.  The  minimum  amount  of  rolling  is  usually  set  at  about 
200^  sq.  yd.  per  hour  for  roller.  The  finished  surface  should  show  no 
depressions  or  humps  of  over  fg  in.  as  measured  by  a  10-ft.  straight-edge 
placed  longitudinally  to  the  road. 

The  use  of  two  rollers  of  different  weights  is  desirable  particularly  in 
cool  weather  or  on  macadam  bases.  The  light  roller  can  get  on  the  hot 
mix  quicker  which  prevents  cracking  liable  to  develop  in  cool  weather 
due  to  the  surface  cooling  much  more  rapidly  than  the  body  of  the  mix. 

The  following  quotation  gives  rolling  specifications  in  detail: 

Compacting  Surface  Course. — While  still  hot  the  surface  course  shall  be  thor- 
ougly  and  uniformly  compressed  by  a  power  driven  tandem  roller  weighing  not 
less  than  seven  (7)  tons,  except  that  initial  compression  may  be  obtained  by  a 
power  driven  tandem  roller  weighing  not  less  than  three  (3)  tons.  Rolling  shall 
start  longitudinally  at  the  sides  and  proceed  toward  the  center  of  the  pavement, 
overlapping  on  successive  trips  by  at  least  one-half  the  width  of  the  roller.  The 
pavement  shall  then  be  subjected  to  diagonal  rolling  in  two  directions  the  second 

Sept.  29,   1914.     Plant  Record 


Load  record 

Bitumen  record 

Load 

Time 

Temperature 

of  mix,  degrees 

Fahrenheit 

Weight  of 
load,  pound.s 

Time 

Temperature, 

degrees 

Fahrenheit 

1 

2 
3 
4 
5 
6  etc. 

7.30 

7.45 
7.55 
8.15 

8.25 

8.45 

320 
310 
300 
300 
290 
310 

5,000 
5,000 
6,000 
6,000 
5,000 
5,000 

7.00 

8.00 

9.00 

10.00 

11.00 

12.00 

310 
345 
340 
310 
305 
320 

Test  SaxMple  7. 

Sept.  29, 

1915.     Road 

Record 

Load 
No. 

Time 

Temperature 

of  mix, 

degrees 

Fahrenheit 

Weight  as 

per  ticket, 

pounds 

Number 

yards 
covered 

Location  on  road 

1 

2 
3 

4 
5  etc. 

8.00 
8.20 
8.30 
8.45 
9.00 

310 
300 
295 
295 
280 

5,000 
5,000 
6,000 
6,000 
5,000 

25 
25 
30 
30 
25 

Sta.  10+30  to  10  +  42 
Sta.  10+42  to  10+54 
Sta.  10+54  to  10+69 
Sta.  10+69  to  10+84 
Sta.  10+84  to  10+96 

1  See  also  p.  335  (100  sq.  yd.  per  hour). 


328  RURAL  HIGHWAY  PAVEMENTS 

diagonal  rolling  crossing  the  lines  of  the  first.  If  the  width  of  the  pavement 
permits,  it  shall  in  addition  be  rolled  at  right  angles  to  the  center  line.  Rolling 
shall  be  continued  until  all  roller  marks  are  eliminated.  The  motion  of  the 
roller  shall  at  all  times  be  slow  enough  to  avoid  displacement  of  the  hot  mixture 
and  any  displacements  occurring  as  a  result  of  reversing  the  direction  of  the 
roller,  or  by  any  other  cause  shall  at  once  be  corrected  by  the  use  of  rakes  and  of 
fresh  mixture  where  required.  Rolling  shall  proceed  at  an  average  rate  of  not  to 
exceed  two  hundred  (200)  square  yards  per  hour  per  roller,  and  shall  continue 
until  no  further  compression  is  possible.  To  prevent  adhesion  of  the  surface 
mixture  to  the  roller,  the  wheels  shall  be  kept  properly  moistened,  but  excess  of 
either  water  or  oil  will  not  be  permitted.  Before  final  compression  a  light  uni- 
form coating  of  limestone  dust  or  Portland  cement  shall  be  swept  over  the 
surface  of  the  pavement  and  the  rolling  then  continued. 

General  Maintenance  Methods. — Usual  methods  of  shoulder,  ditch 
and  guard  rail  work  prevail.  The  pavement  is  repaired  by  cutting  out 
the  depressions  or  waves  which  develop  and  replacing  the  surface  mix; 
this  can  be  easily  and  quickly  done  with  very  little  inconvenience  to 
traffic  (see  Chap.  IV  for  costs,  etc.). 

Typical  Specifications. — The  following  typical  specifications  New 
Jersey  (1922)  give  an  idea  of  Standard  Practice  for  different  types  of 
bituminous  concrete  pavements. 

TYPICAL  SPECIFICATIONS 

Note. — Where  materials  are  referred  to  in  these  Specifications  the  clauses  mentioned 
appear  in  Appendix  A,  pages  546  to  580. 

Foundation  Type  C 

74A.   PORTLAND   CEMENT  CONCRETE 

1.  Composition. 

This  foundation  shall  be  prepared  from  concrete  having  the  following  composition: 
Portland  cement  one  (1)  bag,  fine  aggregate  three  (3)  cubic  feet,  coarse  aggregate  five  (5) 
cubic  feet  by  volume,  unless  the  character  of  the  aggregate  is  such  that  the  specified  quan- 
tity of  cement  required  per  cubic  yard  is  not  secured.  In  such  cases,  the  ratio  of  cement  to 
fine  aggregate  or  of  fine  aggregate  to  coarse  aggregate,  shall  be  changed  as  herein  provided 
so  that  the  specified  quantity  of  cement  will  be  secured  per  cubic  yard  of  concrete.  The 
Contractor  will  receive  no  additional  compensation  for  making  such  changes. 

Concrete  headers,  when  integral  with  the  foundation,  shall  be  constructed  of  the  same 
aggregate  used  in  the  foundation,  but  shall  have  the  following  composition:  Portland 
cement,  one  (1)  bag;  fine  aggregate,  two  (2)  cubic  feet;  coarse  aggregate,  four  (4)  cubic  feet. 

2.  Materials  Required. 

Cement — The  cement  shall  meet  the  requirements  given  in  Article  96. 

Fine  Aggregate — The  fine  aggregate  shall  be  concrete  sand  as  defined  in  Article  95b. 

Coarse  Aggregate — The  coarse  aggregate  shall  be  trap  rock,  dolomite,  or , 

concrete  size  or  grade  as  specified  in  Articles  92  to  94  inclusive. 

Cement  and  Aggregate — Before  any  orders  are  placed  or  deliveries  made,  the  Con- 
tractor shall  obtain  the  Engineer's  written  approval  of  the  cement,  fine  and  coarse  aggre- 
gates he  intends  to  use.  In  making  requests  for  said  approval,  the  Contractor  will  give  the 
name,  producer,  location,  and  method  of  shipment  of  these  materials. 

Water — All  water  used  in  concrete  shall  be  clean,  free  from  oil,  acids,  alkalies,  sea  salts, 
vegetable  matter,  or  ingredients  that  are  injurious  to  concrete. 
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Joint  Filler — All  joint  fillers  used  shall  comply  with  the  requirements  given  therefor  in 
Article  103  for  Grade  M.  A.  Joint  Fillers. 
3.  General. 

The  completed  foundation  shall  have  the  width,  thickness  and  surface  contour  shown  on 
plans. 

A  cubic  yard  of  concrete  shall  contain  not  less  than  four  and  sixty-four  hundredths 
(4.64)  bags  of  cement. 

The  Engineer  shall  compare  the  calculated  amount  of  cement  required  according  to 
these  specifications,  with  the  amount  actually  used,  as  determined  by  actual  count  of  the 
number  of  bags  of  cement  used  per  day.  If  the  amount  of  cement  used  during  any  three 
(3)  consecutive  days  is  less  by  more  than  five  (5)  per  cent.,  or  if  the  amount  of  cement  used 
during  any  one  day  is  less  by  more  than  ten  (10)  per  cent  of  the  amount  hereinbefore 
required,  the  Contractor  shall,  at  his  own  expense,  remove  all  such  concrete  and  replace  the 
same  with  new  concrete,  constructed  according  to  these  specifications. 

The  subgrade  must  comply  with  the  requirements  specified  in  Articles  67,  68  and  73. 
In  addition  it  must  be  kept  constantly  wet  at  least  fifty  (50)  feet  in  front  of  the  mixer.  To 
secure  the  desired  depth  of  saturation,  the  subgrade  shall  be  sprinkled  at  frequent  intervals. 
The  rapidity  with  which  the  water  shall  be  applied  and  the  quantity  used  shall  vary  with 
the  character  of  the  subgrade.  The  depth  of  saturation  for  sand  and  gravel  subgrade.s 
shall  not  be  less  than  four  (4)  inches,  for  clay  and  clay  loam  subgrades  not  less  than  three  (3) 
inches.  The  rate  the  water  is  applied  and  method  of  sprinkling  employed,  shall  be  such  as 
not  to  form  pools  of  water  on  the  surface  of  the  subgrade  yet  all  parts  of  the  subgrade  must 
be  saturated  to  the  depth  required  before  any  concrete  is  applied  thereon. 

After  the  subgrade  has  been  properly  wet  it  must  be  protected  in  the  manner  ordered  by 
the  Engineer  so  that  ruts  are  not  formed  during  the  hauling  of  the  aggregate  or  paving 
mixtures. 

All  materials  used  in  a  concrete  foundation  must  be  kept  clean  during  transportation 
and  hauling.  Neither  the  coarse  or  fine  aggregate  shall  be  deposited  upon  the  subgrade 
shoulders  or  adjacent  gutters  unless  permission  is  given  therefor  in  the  "  Proposal."  When 
deposited  in  piles  adjacent  to  the  work  the  ground  upon  which  the  material  is  deposited 
must  be  hard,  firm,  well  drained  and  free  from  all  vegetable  matter.  All  devices  used  in 
measuring  these  aggregates  shall  be  so  constructed  that  they  will  hold  the  exact  volume  of 
material  required,  and  meet  the  approval  of  the  Engineer. 

No  concrete  shall  be  prepared  or  laid  until  the  condition  of  the  equipment  that  will  be 
used  in  the  preparation  thereof  has  been  approved  in  writing  by  the  Engineer.  This 
approval  will  be  required  for  each  contract  and  shall  be  requested  by  the  Contractor  suffi- 
ciently in  advance  of  starting  work  to  permit  of  any  required  changes  being  made  without 
delaying  the  work. 

The  Contractor  shall  provide  such  measuring  devices  as  will  insure  the  required  quan- 
tity of  each  ingredient  being  used  in  each  batch.  All  such  devices  and  the  method  of 
measuring  the  materials  must  be  approved  by  the  Engineer.  A  bag  of  portland  cement 
ninety-four  (94)  pounds  net,  shall  be  considered  as  one  (1)  cubic  foot. 

The  proportions  of  fine  and  coarse  aggregate  required  to  be  used  to  secure  the  specified 
cement  content,  also  the  consistency  required  and  the  crushing  strength  of  the  concrete 
thus  prepared,  shall  be  determined  by  the  Engineer.  These  factors  must  be  determined 
for  each  contract  during  the  preparation  of  the  initial  concrete.  No  concrete  shall  be  laid 
until  they  have  been  thus  determined.  When  so  determined  they  shall  only  be  changed 
when  the  required  cement  content  is  not  being  secured.  The  Construction  Inspector  shall 
notify  the  Engineer  when  the  initial  concrete  will  be  prepared,  said  notice  to  be  given  at 
least  five  (.5)  days  previous  to  its  preparation,  also  whenever  the  required  cement  con- 
tent is  not  being  secured. 

Concrete  shall  not  be  mixed  or  laid  when  the  atmospheric  temperature  in  the  shade  or 
the  temperature  of  the  aggregate  is  at  or  below  32  deg.  F.  When  written  permission  is 
secured  from  the  Engineer  to  construct  pavement  when  the  temperature  drops  below 
32  deg.  F.  at  night,  the  concrete  must  be  protected  from  freezing  by  one  of  the  following 
methods.  Any  concrete  that  has  been  frozen  before  it  is  five  days  old  shall  be  replaced. 
1.  After  the  strips  of  canvas  or  burlap  have  been  removed,  the  concrete  shall  be  covered 
with  a  six  (6)  to  eight  (8)  inch  layer  of  straw  or  salt  hay  over  which  a  canvas  cover  shall  be 
spread  and  firmly  fastened  in  place.     This  cover  shall  be  at  least  four  (4)  feet  longer  than 
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the  pavement  is  wide,  laid  across  the  pavement  with  edges  overlapping,  and  the  edges  of  each 
layer  firmly  fastened  in  place  by  straps  or  weights.  Upon  this  canvas  there  is  then  placed 
another  layer  of  straw  if  the  weather  is  fairly  severe. 

2.  Boards  are  placed  across  the  center  of  the  concrete  at  frequent  intervals  upon  which  a 
steam  pipe  is  laid.  The  entire  pavement  is  then  covered  with  wooden  trestles  slightly 
longer  than  the  pavement  is  wide  and  which  are  of  sufficient  height  to  leave  an  air  space  of 
not  less  than  six  (6)  inches  above  the  pavement  surface.  These  boards  are  then  covered 
with  canvas  or  strips  of  tarred  paper  which  must  be  firmly  fastened  in  place.  Steam  is  then 
passed  through  the  pipe  until  the  weather  has  moderated  or  the  pavement  is  at  least  five 
days  old. 

During  very  severe  weather  this  method  of  protection  should  always  be  used  and  it  may 
be  found  necessary  in  extreme  cases  to  cover  the  canvas  with  a  layer  of  salt  hay  or  straw. 

4.  Surface  Finish. 

The  finished  surface  of  the  concrete  shall  be  uniform  in  appearance,  free  from  all  loose  or 
partly  imbedded  stone,  lean  or  porous  spots,  depressions  or  projections  that  are  over  three- 
eighths  0-^)  inch  above  or  below  the  specified  surface  of  the  concrete  as  determined  by  a 
straight  edge,  not  less  than  ten  (10)  feet  long  laid  parallel  to  the  center  line  of  the  pavement. 
It  must  also  be  at  the  required  grade  and  parallel  to  the  finished  surface  at  all    points. 

5.  Consistency. 

The  consistency  of  the  concrete  shall  be  determined  by  the  slump  method.  When  the 
slump  has  been  determined  for  concrete  containing  a  given  aggregate,  no  subsequent  con- 
crete prepared  from  these  aggregates  shall  have  any  greater  slump.  All  concrete  that  has  a 
greater  slump  shall  be  removed  from  the  roadway  before  any  initial  set  has  developed. 
Said  slump  shall  be  determined  with  a  truncated  cone  twelve  (12)  inches  high,  eight  (8) 
inches  diameter  at  the  base,  and  four  (4)  inches  diameter  at  the  top. 

When  the  required  consistency  of  the  concrete  has  been  established  by  the  method 
defined  above,  the  crushing  strength  of  this  concrete  shall  be  determined  by  six  (6)  inch 
cubes.  These  cubes,  and  all  subseciuent  cubes  taken  and  tested,  shall  be  moulded  and  cured 
in  the  field  in  the  same  manner,  and  tested  when  twenty-eight  (28)  days  old.  In  determining 
the  average  crushing  strength  of  this  concrete,  not  less  than  three  (3)  nor  more  than  five  (5) 
cubes  shall  be  taken  at  irregular  intervals  from  different  batches  of  concrete.  When  the 
average  strength  of  this  concrete  has  been  thus  determined,  all  subsequent  concrete  prepared 
from  the  same  aggregates  shall  have  a  crushing  strength  of  not  less  than  seventy-five  (75) 
per  cent  of  this  average,  and  not  more  than  ten  (10)  per  cent  of  the  individual  samples  shall 
have  a  crushing  strength  less  than  ninety  (90)  per  cent  of  this  average. 

6.  Mixing  Concrete. 

The  materials  shall  be  mixed  in  a  concrete  mixer  of  the  batch  type,  having  a  capacity  of 
not  less  than  three  (3)  bags  of  cement  per  batch  of  concrete  of  the  composition  herein  speci- 
fied. Said  mixer  shall  be  equipped  with  an  automatic  locking  device  that  will  prevent 
materials  being  discharged  before  thay  have  been  in  the  mixer  the  required  length  of  time, 
a  water  tank  containing  an  adjustable  overflow  with  the  necessary  valves  to  prevent  water 
flowing  into  the  tank  while  the  tank  is  discharging  into  the  mixer,  and  a  speed  regulator 
that  will  prevent  the  drum  from  revolving  slower  than  twelve  (12)  or  faster  than  twenty 
(20)  revolutions  per  minute.  Each  batch  must  be  in  motion  in  the  mixing  drum  at  least 
one  and  one-quarter  {l}'i)  minutes  or  as  much  longer  as  may  be  necessary  to  insure  a 
uniform  and  homogeneous  concrete  that  has  the  required  consistency.  If  the  timing  device 
should  be  out  of  order,  the  concrete  must  be  mixed  not  less  than  two  and  one-half  (2j^^) 
minutes  until  such  time  as  said  device  is  repaired.  The  drum  must  be  completely  emptied 
before  mixing  successive  batches.  The  concrete  shall  be  mixed  only  in  such  quantity  as  will 
be  required  for  immediate  use.  Any  concrete  that  has  developed  initial  set  or  has  been 
mixed  longer  than  thirty  (30)  minutes  before  being  deposited  in  place,  shall  not  be  used. 

The  difi'erent  ingredients  used  must  be  perfectly  clean,  kept  free  from  foreign  materials 
during  the  operation  of  handling,  mixing,  and  placing.  The  Contractor  must  prevent  any 
segregation  of  the  coarse  or  fine  particles  of  the  aggregate  taking  place  during  hauling  or 
the  handling,  or  the  inclusion  therewith  of  any  foreign  material  when  these  materials 
are  loaded  into  the  measuring  bins  or  mixer. 

The  Contractor  shall  notify  the  Engineer,  in  writing,  at  least  three  (3)  days  in.  advance 
when  he  is  ready  to  prepare  the  initial  concrete. 
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7.  Placing  Concrete. 

After  mixing,  the  concrete  shall  be  deposited  at  once  in  successive  batches  upon  the  sub- 
grade  to  the  required  depth  and  for  the  entire  width  of  the  pavement.  Immediately  after 
being  thus  deposited,  the  piles  or  batches  of  concrete  shall  be  uniformly  distributed  over  the 
subgrade  so  that  the  resulting  surface  is  fairly  uniform  in  character,  and  sufficiently  abov^e 
the  grade  of  the  finished  surface  that,  after  being  struck  off  the  surface  thereof  will  not  be 
compressed  below  the  grade  specified  therefor. 

When  concrete  is  to  be  placed  adjacent  to  railroad  tracks,  or  around  such  structures  as 
catch  basins,  manhole  tops,  or  other  objects  that  project  through  the  pavement,  no  con- 
crete shall  be  placed  within  eighteen  (18)  inches  of  said  tracks  or  structures  until  they  have 
been  set  to  the  required  grade  and  alignment. 

8.  Finishing  Concrete. 

The  concrete  shall  be  brought  to  the  required  grade  and  curvature  by  the  use  of  a  hand 
strike  board.  This  board  must  be  at  least  eighteen  (18)  inches  longer  than  the  pavement  is 
wide.  A  hand  template  shall  be  used  to  consolidate  the  concrete  and  produce  the  required 
finish.  Both  the  strike  board  and  template  shall  have  the  same  curvature  as  that  specified 
for  the  crown  of  the  pavement. 

After  being  properly  placed  the  concrete  shall  be  struck  off  and  the  whole  surface  thereof 
tamped  until  thoroughly  consolidated  and  of  a  uniform  consistency  and  density.  Addi- 
tional concrete  shall  be  added  to  all  low  places  and  porous  spots,  and  retamped  to  the  re- 
quired grade  and  density.  The  concrete  should  not  be  tamped  to  the  required  grade  and 
.solidity  later  than  thirty  (30)  minutes  after  placing,  but  must  be  properly  struck  off  and 
tamped  before  any  initial  set  has  developed. 

9.  Curing  and  Protecting. 

After  the  concrete  has  been  properly  struck  off,  tamped  and  tested,  it  shall  be  covered  at 
once  with  strips  of  burlap  or  canvas  laid  perpendicular  to  the  center  line  of  the  pavement. 
The  edge  of  each  strip  shall  overlap  the  adjacent  strips  about  one  (1)  inch.  The  different 
strips  of  burlap  shall  be  at  least  two  (2)  feet  longer  than  the  width  of  the  pavement. 

When  properly  placed  this  covering  shall  be  sprinkled  at  once  with  sufficient  water  to 
saturate  it  and  kept  wet  until  removed.  As  soon  as  the  concrete  has  hardened  sufficiently 
to  prevent  pitting,  these  strips  shall  be  removed  and  the  concrete  protected  by  covering  it 
immediately  with  salt  hay  or  straw.  This  covering  shall  be  spread  in  a  layer  not  less  than 
six  (6)  inches  thick,  loose,  and  must  be  added  in  sufficient  quantity  to  completely  cover  the 
concrete.  During  the  spreading,  care  must  be  exercised  that  the  surface  of  the  concrete 
is  not  marred  or  injured.  As  soon  as  spread,  it  shall  be  wet  at  once  and  kept  constantly 
saturated  for  at  least  ten  (10)  days.  The  pavement  must  be  kept  closed  to  traveling  public, 
contractor,  engineers  and  officials,  for  at  least  fourteen  (14)  days,  and  as  much  longer  as  the 
Engineer  may  order. 

The  water  pipe,  which  supplies  the  water  for  the  concrete  must  not  be  removed  before 
the  time  required  for  the  curing  of  the  adjacent  concrete.  This  pipe  line  must  be  provided 
with  tees  and  stop  cocks  at  intervals  of  not  over  two  hundred  (200)  feet  and  must  be  of 
sufficient  size  to  permit  of  the  proper  sprinkling  of  the  concrete  and  the  operation  of  the 
concrete  mixer  at  the  same  time. 

The  Contractor  shall  erect  and  maintain  suitable  barricades  to  protect  the  concrete  from 
traffic,  domestic  animals,  etc.  Any  part  of  the  concrete  damaged  from  traffic  or  any  other 
cause  occurring  prior  to  its  final  acceptance,  shall  be  repaired  or  replaced  by  the  Contractor 
at  his  own  expense  in  a  manner  satisfactory  to  the  Engineer.  Before  any  surface  pavement 
materials  are  deposited  on  the  foundation,  the  covering  shall  be  removed  and  disposed  of  as 
directed  by  the  Engineer. 

If  permission  is  given  to  lay  concrete  when  the  temperature  may  drop  below  thirty-two 
(32)  degrees  Fahrenheit  before  the  concrete  is  five  (5)  days  old,  the  concrete  shall  be  pro- 
tected in  the  manner  specified  above. 

10.  Side  Forms. 

The  thickness  of  the  pavement  foundation  and  its  alignment  shall  be  determined  by  side 
forms.  These  shall  be  set  to  the  established  line  and  grade  of  the  pavement  foundation 
with  their  upper  faces  at  the  grade  established  for  the  adjacent  edge.  They  must  be  equal 
in  width  to  the  thickness  of  the  pavement  foundation  at  the  edge,  shall  be  firmly  held  in 
place  by  lock  nuts,  clamps,  and  steel  pins,  and  supported  at  all  joints  or  elsewhere  as  needed 
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to  prevent  the  forms  from  springing  out  of  alignment.  All  forms  shall  have  square  ends 
with  clamping  devices  which  will  lock  adjacent  ends  firmly  together.  The  anchoring  pins 
must  be  not  less  than  twenty-four  (24)  inches  long,  and  of  sufficient  size  to  firmly  hold  the 
forms  in  place.  No  pins,  nuts  or  clamps  shall  project  above  the  top  of  the  form  or  be  so 
placed  as  to  interfere  with  the  free  movement  of  the  strike  board  or  tamper.  All  forms 
must  be  straight,  free  from  warp,  clean  when  used,  and  oiled  if  so  ordered.  Forms  shall  not 
be  removed  sooner  than  fifteen  (15)  hours  after  the  adjacent  concrete  has  been  placed. 
11.  Joints. 

Expansion  joints  shall  be  constructed  at  the  end  of  each  day's  work,  or  when  work  is 
suspended  for  over  thirty  (30)  minutes,  and  at  all  other  places  designated  on  plans. 

Expansion  joints  shall  be  of  either  the  poured  or  premoulded  type.  When  the  type  to  be 
used  is  not  designated  on  plans,  the  Contractor  may  construct  either.  The  bitumen  used  to 
form  the  joints  and  the  method  of  manufacturing  premoulded  joints  must  comply  with  the 
requirements  given  therefor  in  Article  103. 

The  forms  used  to  cast  a  poured  joint  must  be  so  designed  and  used  that  the  concrete 
will  not  be  injured  by  its  removal,  the  opening  will  have  the  specified  dimensions,  be  per- 
pendicular to  the  pavement  surface  and  axis  must  be  approved  by  the  Engineer.  They 
shall  be  so  set  that  the  top  edge  is  at  the  same  elevation  as  the  surface  of  the  concrete  and 
firmly  held  in  place  bj'^  iron  rods  or  pins  driven  into  the  subgrade. 

The  bitumen  used  for  pour  joints  shall  be  Grade  P.  A.  and  shall  be  applied  at  a  tempera- 
ture between  300  and  400  deg.  F.  Sufficient  bitumen  shall  be  used  to  fill  the  joint  flush  full . 
The  joint  must  be  opened  to  full  depth  and  both  faces  clean  and  dry  when  the  bitumen  is 
applied. 

Premoulded  joints  shall  be  formed  by  inserting  during  construction,  sheets  of  bitu- 
minized  felt  or  prepared  semi-solid  bitumen  complying  with  the  requirements  given  therefor 
in  Article  103.  These  sheets  shall  be  inserted  perpendicular  to  the  axis  of  the  pavement  and 
its  surface.  They  shall  be  equal  in  length  to  the  width  of  the  foundation,  have  the  same 
width  as  the  thickness  specified  for  said  foundation,  and  the  top  edges  cut  to  the  required 
curvature  before  installation.  When  two  sheets  are  used  for  one  joint,  the  abutting  ends 
must  be  cut  square  and  held  firmly  together  during  installation,  placing  and  finishing  of  the 
concrete.  After  side-forms  are  removed,  the  ends  of  the  joints  shall  be  cleaned  of  all  con- 
crete to  the  full  depth. 

The  device  used  to  hold  the  joint  filler  in  position  until  the  adjacent  concrete  has  been 
placed,  shall  be  a  metal  plate  equal  in  length  to  the  width  of  the  foundation,  have  one  edge 
cut  to  the  crown  specified  for  the  surface  of  the  foundation,  be  of  sufficient  thickness,  and  so 
designed  that  it  can  easily  be  fastened  and  held  in  place  without  springing  out  of  shape  or 
alignment. 
12.  Reinforcement. 

The  concrete  shall  be  reinforced  at  all  points  shown  on  plans  with  the  size  and  type  of 
metal  designated,  also  at  all  places  where  trenches  or  other  openings  are  made  in  the 
subgrade  for  the  installation  of  drains  or  structures  not  shown  on  plans.  When  no  method 
of  reinforcing  the  concrete  over  openings  made  in  the  subgrade  is  shown  on  plans,  it  shall  be 
reinforced  as  follows: 

One-half  (/^)  inch  deformed  bars  shall  be  placed  perpendicular  to  the  trench,  two  (2) 
inches  above  the  bottom  of  the  concrete  foundation,  spaced  twelve  (12)  inches  to  centers 
and  shall  extend  for  a  distance  at  least  twelve  (12)  inches  beyond  each  edge  of  the  opening. 
Payment  will  be  made  for  all  such  reinforcement  installed,  not  shown  on  plans,  at  the 
contract  unit  price  per  pound  in  place. 


SuKFACE  Type  8.  A. 

75C.  SHEET  ASPHALT 

Two   Course 
1.  Definition. 

A  sheet  asphalt  pavement  is  one  in  which  the  wearing  surface  is  composed  of  bituminous 
sand  and  mineral  filler,  bound  together  with  an  asphaltic  cement.  It  is  usually  laid  in  two 
courses — the  top  or  wearing  surface  and  the  bottom  or  binder  course. 
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2.  Thickness  and  Weight. 

The  top  course  must  have  an  average  thickness  after  ultimate  compression  of  not  less 
than  one  and  one-half  inches  (13-^  in.),  shall  not  be  less  than  one  and  one-quarter  inches 
(13^^  in.)  nor  more  than  two  inches  (2  in.)  thick  at  any  one  point,  and  shall  have  an  average 
weight  of  not  less  than  one  hundred  fifty  (150)  pounds  per  square  yard. 

The  bottom  course  shall  have  an  average  thickness  after  ultimate  compression  of  not  less 
than  one  and  one-half  inches  (l/'2  ii^Oi  shall  not  be  less  than  one  and  one-quarter  inches 
(l}-4  in.)  nor  more  than  two  and  one-half  inches  (2)-^  in.)  thick  at  any  one  point,  and  shall 
have  an  average  weight  of  not  less  than  one  hundred  seventy  (170)  pounds  per  square 
yard. 

3.  Materials  Required. 

The  top  or  wearing  surface  shall  be  prepared  from  bituminous  sand,  mineral  filler  and 
asphaltic  cement.  Grade  LM',  CM',  NA'  or 

The  bottom  or  binder  course  shall  be  prepared  from  ^^t-in.  trap  rock,  dolomite  or 

bituminous  sand  and  asphaltic  cement.  Grades  LM',  CM',  NA'  or 

These  materials  shall  comply  with  the  requirements  given  in  Articles  92,  95A ,  97  and  99 

4.  Composition. 

The  finished  pavement  must  not  vary  in  composition  more  than  the  limits  given  below: 
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5.  Estimating  Ingredients. 

The  proportions  of  the  different  ingredients  required  to  prepare  the  pavement  shall  be 
determined  by  weight.  The  pavement  must  not  vary  in  composition  more  than  the  speci- 
fied limits  given. 

The  bitumen  content  is  based  upon  the  finished  pavement,  exclusive  of  any  mineral  or 
bituminous  surface  coating  applied.  The  exact  amount  of  mineral  filler  and  asphaltic 
cement  to  use  between  the  limits  defined  herein  shall  be  determined  by  the  Testing  Engineer. 
In  calculating  the  percentages  of  the  various  sizes  of  ingredients  of  which  the  mineral  aggre- 
gate is  composed,  the  bitumen  is  included.  The  actual  amount  of  paving  mixture  used 
shall  be  estimated  from  the  railroad  shipping  weights  of  the  ingredients  used,  batches  of 
paving  mixtures  prepared  and  used,  or  loads  delivered  and  laid. 

6.  Preparation. 

The  quantity  of  ingredients  used  per  batch  in  the  preparation  of  both  the  top  and  bottom 
courses  must  be  accurately  determined  by  either  weight  or  measurement,  depending  upon 
the  type  of  plant  and  kind  of  material  being  used.  In  either  case  the  devices  used  in 
measuring  these  ingredients  must  be  standardized  whenever  so  requested;  also  the  manner 
in  which  these  devices  are  used  shall  be  demonstrated  and  the  quantity  of  material  thus 
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secured  verified  whenever  so  ordered  by  the  Inspector  or  Enguieer.     The  plant  used  in 
preparing  the  paving  mixtures  shall  comply  with  the  requirements  given  below. 

The  mineral  filler  should  be  so  cast  into  the  mixing  chamber  that  it  is  evenly  distributed 
over  the  surface  of  the  sand  and  not  dumped  in  one  end  of  the  mixing  chamber.  The 
asphaltic  cement  should  also  be  added  slowly  in  a  thin  sheet  the  full  width  of  the  mixing 
chamber.  If  the  filler  and  asphaltic  cement  are  not  added  in  this  manner,  the  time  required 
to  produce  a  uniform  paving  mixture  will  be  two  or  more  minutes  per  batch,  otherwise 
from  1  to  ij^  min.  will  be  sufficient. 

(a)  Wearing  Surface.  The  sand  for  the  wearing  surface  must  have  a  temperature  of 
not  less  than  300  deg.  F.  nor  more  than  400  deg.  F.  when  ready  to  be  coated  with  the 
asphaltic  cement.  The  asphaltic  cement,  when  applied  to  the  aggregate,  must  have  a 
temperature  of  not  less  than  250  deg.  F.  nor  more  than  350  deg.  F.,  and  must  be  free  from 
unmelted  lumps.     The  mineral  filler  may  be  added  cold,  but  must  be  thoroughly  dry. 

In  the  preparation  of  this  mixture  the  sand  is  first  added  to  the  mixing  chamber,  then  the 
mineral  filler.  After  the  mineral  filler  has  become  uniformly  distributed  through  the  sand 
the  asphaltic  cement  is  added  and  the  mixing  continued  until  a  bituminous  mixture  is 
secured  that  is  uniform  and  homogeneous  in  composition  and  all  the  particles  of  the  aggre- 
gate are  uniformly  and  completely  coated  with  the  hot  asphaltic  cement. 

(6)  Binder  Course.  The  aggregate  for  the  binder  course  must  have  a  temperature  of 
not  less  than  250  deg.  F.  nor  more  than  350  deg.  F.  when  ready  to  be  coated  with  the 
asphaltic  cement.  The  asphaltic  cement  shall  have  the  same  temperature  when  applied  as 
specified  for  the  wearing  surface.      No  mineral  filler  is  required  in  the  binder. 

In  preparing  the  binder  course,  the  stone  and  sand  are  run  into  the  mixing  chamber  and 
the  asphaltic  cement  added  as  soon  as  the  sand  is  thoroughly  incorporated  with  the  stone. 
The  mixing  is  continued  until  all  particles  of  the  aggregate  are  completely  coated  with  hot 
asphaltic  cement  and  the  mixture  is  uniform  and  homogeneous  in  composition.  Care 
must  be  exercised  in  the  preparation  of  this  binder  that  the  aggregate  does  not  get  too  hot; 
that  excess  fine  materials  or  asphaltic  cement  are  not  used  if  rich  spots  in  the  binder  are  to 
be  avoided. 
7.  Hauling  and  Handling. 

The  paving  mixtures  must  be  kept  clean  during  hauling  and  handling,  and  covered 
during  transit  with  canvas  or  other  materials  which  will  retain  their  temperature.  These 
mixtures  must  not  be  hauled  such  a  distance  that  segregation  of  the  ingredients  takes  place, 
or  that  a  crust  is  formed  on  the  surface,  bottom  or  sides  of  said  mixture  which  has  a  temper- 
ature lower  than  that  required.  These  mixtures  must  not  be  dumped  any  faster  than  they 
can  be  properly  handled  by  the  shovelers,  nor  at  such  a  rate  that  over  6  tons  of  paving 
mixture  are  upon  the  platforms  at  the  same  time.  They  must  be  spread  immediately 
after  being  dumped  and  must  be  kept  perfectly  clean  until  spread.  Any  part  of  the  paving 
mixture  which  becomes  dirty  or  chilled  below  the  required  temperature  must  be  rejected. 
All  paving  mixture  must  be  carefully  removed  from  the  spot  upon  which  it  was  placed  before 
any  additional  paving  mixture  is  placed  thereon. 

The  mixture  for  the  wearing  surface,  when  dumped  on  the  platforms,  must  have  a 
temperature  between  275  deg.  F.  and  350  deg.  F.;  for  the  binder  course,  between  250  deg. 
F.  and  325  deg.  F.  Any  portions  of  the  wearing  surface  mixture  that  become  chilled 
below  250  deg.  F.  or  of  the  binder  below  225  deg.  F.  before  being  spread  shall  be  discarded. 

These  paving  mixtures  may  be  dumped  direct  on  a  concrete  foundation,  but  when  the 
foundation  is  macadam  or  telford  they  shall  be  dumped  on  metal  or  wooden  platforms,  which 
must  be  of  such  size  that  the  paving  mixture  will  not  fall  off  when  dumped  thereon  or  work 
off  during  spreading.  The  wearing  surface  mixture  may  be  dumped  on  the  binder.  How- 
ever, each  load  of  paving  mixture  must  be  dumped  outside  of  the  area  over  which  it  will  be 
spread. 

All  vehicles  used  in  transporting  paving  mixtures  must  have  tight-fitting  bottoms  which 
will  hold  hot,  thin  mixtures  without  leaking.  When  motor  trucks  are  used  the  bodies  should 
be  insulated  for  long  hauls  during  cold  weather  so  that  the  paving  mixtures  adjacent  the 
ends  and  sides  will  not  become  chilled  during  transit.  All  motor  trucks  used  for  this 
purpose  must  have  dump  bodies  that  will  permit  the  rapid  unloading  of  these  mixtures. 
The  inside  surface  of  these  bodies  should  be  oiled  just  before  loading.  However,  only 
sufficient  of  this  oil  shall  be  used  to  coat  the  surface.  No  pools  of  oil  must  appear  on  the 
bottom  of  the  truck. 
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8.  Spreading  and  Raking. 

Immediately  after  a  paving  mixture  has  been  dumped  upon  the  platform  it  shall  be 
deposited  at  once  upon  the  foundation  or  binder  with  hot  shovels  in  such  a  manner  that 
any  segregation  of  the  ingredients  or  irregularities  in  composition  will  be  eliminated  as 
much  as  possible.  After  being  thus  deposited  it  shall  be  so  spread  with  hot  iron  rakes  that 
after  being  thoroughly  compacted  by  tamping  and  rolling  each  course  shall  have  the 
average  thickness,  surface  finish  and  contour  specified  below. 

During  spreading  and  raking  the  workmen  must  not  walk  over  or  stand  on  the  paving 
mixture  except  when  necessary  to  correct  irregularities  in  the  initial  raking.  The  paving 
mixture  shall  not  be  spread  any  faster  than  it  can  be  properly  handled  by  the  rakers. 

(a)  Binder.  The  binder  course  shall  only  be  rolled  sufficient  properly  to  compact  and 
bind  together  the  ingredients  of  the  aggregate;  also  to  disclose  any  open  spots  or  low  places. 
When  any  depressions  are  discovered  they  shall  be  filled  with  additional  binder  and  rerolled 
so  that  the  surface  of  this  binder  course  shall  be  of  a  uniform  character,  at  the  required 
grade  and  have  the  specified  crown. 

The  surface  of  the  binder  course  after  compression  shall  not  show  in  any  place  an  excess 
of  asphaltic  cement  or  fine  matrix,  and  any  area  of  1  sq.  ft.  or  more  showing  an  excess  of 
asphaltic  cement  shall  be  cut  out  and  replaced  with  proper  binder.  Smaller  spots  may  be 
dried  by  the  use  of  stone  dust  and  smoothing  irons. 

After  being  spread  and  rolled  as  above  specified  the  binder  course  must  be  protected 
from  all  travel  and  be  kept  perfectly  clean  until  the  top  course  has  been  applied.  If  any 
part  of  the  binder  course  shows  a  lack  of  bond,  becomes  loose  or  broken,  or  gets  covered  with 
dirt,  it  must  be  replaced  with  proper  material,  laid  in  accordance  with  the  requirements  given. 

The  binder  course,  after  being  properly  constructed,  should  be  covered  immediately 
with  the  top  course.  In  no  case  shall  more  binder  be  laid  during  any  one  day  that  can  be 
covered  by  the  top  course  during  the  same  day.  No  binder  course  should  be  left  uncovered 
during  the  night.  If  it  becomes  coated  with  dust  or  dirt  when  left  so  uncovered  it  must  be 
swept  clean  or  replaced  with  proper  material,  as  the  Engineer  may  direct,  before  any  sur- 
face course  is  applied  thereto. 

(b)  Surface.  Special  care  must  be  used  in  spreading  and  raking  the  wearing  surface 
if  porous  spots,  depressions  or  projections  are  to  be  eliminated.  For  this  purpose  the 
Contractor  shall  employ  not  less  than  three  (3)  rakers  for  each  one  hundred  (100)  square 
yards  of  surface  pavement  laid  per  hour.  Additional  rakers  must  be  employed  when  a 
greater  quantity  of  pavement  is  being  laid  per  hour. 

The  rolling  of  the  wearing  surface  mixture  must  be  so  executed  that  porous  spots  will 
be  eliminated,  the  formation  of  waves  and  depressions  prevented  and  the  required  density 
and  surface  finish  secured. 

Whenever  the  pavement  is  laid  alongside  of  brick,  concrete  gutters,  street  car  tracks, 
man-hole  heads  or  liners,  the  finished  surface  adjacent  to  them  shall  be  left  one-quarter  of 
an  inch  (J^l  in.)  high  in  order  to  provide  for  subsequent  compression  by  traffic  and  to  avoid 
depressions  which  would  otherwise  be  liable  to  occur  at  these  points. 
9.  Rolling. 

After  the  paving  mixtures  have  been  properly  spread  and  raked  they  shall  be  rolled  as 
soon  as  they  will  bear  the  roller  without  undue  displacement  or  hair  cracking.  Delays  in 
the  initial  rolling  of  the  freshly  raked  mixtures  will  not  be  permitted.  In  all  places  inacces- 
sible to  a  roller,  such  as  adjacent  to  curbs,  gutters,  headers,  man-holes,  etc.,  the  required 
compression  shall  be  secured  with  hot  tampers. 

The  initial  and  final  rolling  of  the  binder  course  shall  be  done  with  a  six  (6)  to  eight  (8) 
ton  tandem  roller  or  a  ten  (10)  to  twelve  (12)  ton  three-wheel  power  roller.  The  initial 
rolling  of  the  top  course  or  wearing  surface  shall  be  done  with  a  five  (5)  ton  tandem  roller, 
but  final  compression  shall  always  be  secured  with  an  eight  (8)  to  ten  (10)  ton  tandem 
roller  or  a  ten  (10)  to  twelve  (12)  ton  three-wheel  power  roller  when  the  Engineer  permits 
or  requires  the  use  of  this  type  of  roller. 

When  more  than  one  hundred  (100)  scjuare  yards  of  wearing  surface  are  laid  per  hour, 
two  (2)  rollers  shall  be  kept  in  use,  one  of  which  shall  be  of  the  finishing  size.  An  additional 
finishing  roller  will  be  required  for  each  additional  one  hundred  (100)  square  yards  of  wear- 
ing surface  laid  per  hour.  All  rollers  used  shall  be  kept  in  good  condition,  and  shall  weigh 
not  less  than  two  hundred  (200)  pounds  to  the  inch  width  of  tread.  Each  roller  shall  be 
in  the  charge  of  a  competent  experienced  roller  Engineer,  and  must  be  kept  in  continuous 
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operation  as  nearly  as  practicable.  During  an  8-hour  day  each  roller  must  be  engaged 
in  actual  rolling  for  not  less  than  six  and  one-half  (6^^)  hours,  not  more  than  one  and  one- 
half  {\}"2)  hours  being  allowed  for  cleaning  fires,  watering,  etc.  The  ashes  from  the  roller 
must  not  be  dumped  upon  the  binder  or  wearing  surface  courses. 

The  surface  of  the  wheels  of  the  roller  must  be  kept  clean  at  all  times  and  either  oiled  or 
wet  with  water  as  ordered  by  the  Engineer.  When  the  use  of  water  is  permitted  it  shall  not 
be  applied  in  such  quantity  that  surplus  water  will  run  off  of  the  wheels  of  the  roller  onto  the 
pavement. 

During  the  initial  rolling  of  both  the  top  and  bottom  courses  the  roller  shall  travel  parallel 
to  the  axis  of  the  pavement,  beginning  at  each  edge  and  working  towards  the  center.  Each 
trip  of  the  roller  shall  overlap  the  preceding  one  about  one-half  (J^)  the  width  of  the  roller. 
Alternate  trips  of  the  roller  should  be  of  slightly  different  lengths.  Subsequent  rolling  shall 
be  both  diagonal  and  parallel  to  the  axis  of  the  pavement.  The  rolling  shall  be  continued 
at  the  rate  of  not  more  than  one  hundred  fifty  (150)  square  yards  of  wearing  surface  per 
hour  for  each  roller  of  the  finishing  size.  The  roller  must  not  pass  off  the  pavement  during 
rolling,  nor  stand  on  the  completed  pavement  which  has  not  cooled  to  normal  temperature. 

The  rolling  should  be  so  executed  that  all  parts  of  the  pavement  will  receive  equal  com- 
pression; also  develop  any  low  or  high  spots  caused  by  improper  spreading  and  raking. 
The  surface  of  low  spots  or  depressions  shall  be  roughened  with  a  hot  rake,  additional 
material  added  thereto  and  reroUed  immediately.  Excess  material  shall  be  removed  from 
the  high  spots.  Such  repairs  should  be  made  as  soon  after  the  initial  rolling  as  possible, 
while  the  pavement  is  yet  fairly  soft. 

10.  Surface  Finish. 

The  surface  of  the  finished  pavements  must  substantially  conform  to  the  grade  and  con- 
tour specified  and  shall  be  free  from  depressions  or  projections  which  are  one-quarter  (34) 
of  an  inch  above  or  below  the  established  grade  as  determined  by  a  straight  edge,  five  (5) 
feet  in  length,  laid  parallel  to  the  axis  of  the  road.  It  must  be  uniform  in  density  and 
composition,  thoroughly  bonded  together  and  water  tight,  and  be  free  from  porous  or  rough 
spots  that  will  remain  wet  after  the  balance  of  the  surface  is  dry.  Such  portions  of  the 
completed  pavement  as  are  defective  in  finish,  or  that  do  not  comply  in  all  respects  with 
the  requirements  of  these  specifications  shall  be  taken  up,  removed  and  replaced  with  suit- 
able material,  properly  made  and  laid  in  accordance  with  the  requirements  of  these  speci- 
fications at  the  expense  of  the  Contractor.  Whenever  so  ordered  by  the  Engineer  a  space 
of  twelve  (12)  inches  in  width  adjacent  to  the  curb  shall  be  coated  with  hot  asphaltic  cement 
which  shall  be  ironed  into  the  pavement  with  smoothing  irons.  The  cement  used  for  this 
purpose  shall  be  the  same  as  that  used  in  preparing  the  paving  mixture. 

11.  Joints. 

The  paving  shall  be  so  done  that  the  number  of  joints  required  shall  be  reduced  to  a 
minimum.  When  a  rope  joint  is  not  used  the  edges  of  the  previously  laid  pavement  shall 
be  cut  off  in  a  straight  line  far  enough  back  from  the  edge  to  insure  that  the  wearing  surface 
has  the  required  thickness.  The  cut  shall  be  made  at  a  slight  angle  to  the  pavement  sur- 
face and  present  a  smooth  unbroken  edge.  The  face  of  the  joint  shall  be  painted  with 
bituminous  cement,  after  which  the  hot  bituminous  mixture  shall  be  raked  over  it  to  the 
proper  depth.  Hot  smoothers  or  tampers  shall  be  carefully  employed  in  such  a  manner  as 
to  insure  the  proper  bond  between  the  two  (2)  paving  mixtures  without  burning  or  injuring 
either.  The  finished  joint  must  be  on  the  same  plane  as  the  adjacent  finished  pavement 
surface.  Joints  which  are  above  or  below  the  general  plane  of  the  pavement  surface  must 
be  brought  to  the  proper  grade  or  remade. 

The  faces  of  all  curbs  and  gutters,  iron  castings  or  other  objects  projecting  through  the 
pavement  shall  be  painted  with  hot  bituminous  cement  before  the  adjoining  paving  mixture 
is  laid.  The  adjacent  paving  mixture  shall  be  compressed  by  ramming  with  hot  iron  tam- 
pers when  the  required  compression  cannot  be  secured  with  the  roller. 

12.  Foundation,  Condition  of. 

The  foundation,  when  a  bituminous  pavement  is  applied  thereon,  must  be  dry,  clean, 
free  from  all  frost  and  have  a  temperature  above  32°F.  at  the  point  where  the  paving 
mixture  is  being  laid.  It  must  substantially  conform  to  the  grade  and  crown  specified,  and 
comply  with  the  requirements  given  for  the  type  of  foundation  being  used.  When  a 
foundation  is  in  the  proper  condition  to  receive  a  paving  mixture  it  must  be  protected  from 
all  travel  that  will  injure,  deface  or  carry  foreign  material  upon  it. 
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13.  Edge  Protectors. 

When  the  edges  of  pavements  are  not  protected  by  a  concrete  or  stone  curb  or  header, 
four  (4)  to  six  (6)  inch  planks  of  the  same  thickness  as  the  finished  pavement  must  be  used 
for  this  purpose,  which  shall  be  firmly  secured  and  left  in  place  until  the  pavement  has  been 
properly  rolled  and  thoroughly  set. 

14.  Construction  Season. 

The  pavement  shall  be  laid  between  the  first  day  of  May  and  the  first  day  of  December 
unless  written  permission  is  secured  from  the  Department  to  lay  pavement  at  any  other 
time.  No  pavement  shall  be  laid  when  it  is  raining  or  when  the  atmospheric  temperature 
is  below  32°F.  or  when  the  weather  is  such  as  to  make  it  very  difficult  to  lay  the  paving 
mixture  in  a  manner  which  will  permit  the  proper  density  and  surface  finish  being  secured. 

15.  Workmen. 

The  workmen  employed  by  the  Contractor  must  have  had  sufficient  experience  in  the 
preparation  of  bituminous  paving  mixtures  and  the  construction  of  bituminous  pavements 
to  be  able  to  operate  the  equipment  in  such  a  manner  that  the  pavement  produced  will  have 
the  required  composition,  density  and  surface  finish.  The  men  operating  the  mixing 
plant,  the  spreaders,  rakers  and  roller  men  must  show  by  the  work  completed  that  they  have 
had  the  necessary  experience  and  are  making  the  proper  effort  to  execute  the  work  in  the 
manner  required  by  these  specifications.  Otherwise,  their  services  will  have  to  be  dispensed 
with  by  the  Contractor. 
IG.  Pl.\nt  and  Equipment. 

The  plant  used  in  preparing  all  bituminous  paving  mixtures  must  be  of  the  batch  type, 
capable  of  mixing  in  the  manner  herein  specified,  not  less  than  ten  (10)  tons  of  paving  mix- 
ture for  each  mixer  per  hour,  and  must  be  provided  with  separate  chambers  for  heating 
and  mixing  the  ingredients.  No  direct  heat  except  steam  shall  be  applied  to  the  exterior 
surface  of  the  mixing  chamber  or  flame  through  the  same.  The  aggregate  shall  be  heated 
in  a  revolving  kiln.  The  heat  must  be  so  regulated  that  the  aggregate  can  easily  be  heated 
to  and  maintained  at  the  required  temperature.  The  temperature  of  the  uncoated  heated 
aggregate  shall  be  determined  by  an  electric  pyrometer  so  placed  at  the  discharge  chute  of 
the  dryer  as  to  automatically  register  the  temperature  thereof. 

All  mixing  plants  which  do  not  dry  and  heat  the  aggregate  in  unit  batches  must  be 
equipped  with  a  twin-pug  mixer,  rotary  screen,  storage  bins,  hopper  and  scales. 

The  rotary  screen  must  separate  the  aggregate  into  two  or  more  sizes,  exclusive  of  tailings. 
This  screen  must  not  be  less  than  five  (5)  feet  in  length  and  contain  the  size  openings  neces- 
sary to  produce  a  paving  mixture  of  the  composition  herein  specified. 

The  main  bin  into  which  the  hot  screened  aggregate  falls,  must  be  divided  to  correspond 
to  the  different  sized  openings  in  the  rotary  screen  and  be  so  arranged  that  the  aggregate 
from  each  size  screen  will  pass  into  its  respective  bin  without  getting  into  the  adjacent 
sub-bins.  Each  sub-bin  must  be  provided  with  an  overflow  that  will  prevent  excess  material 
being  accumulated  in  any  one  sub-bin.  An  overflow  must  also  be  provided  to  prevent  all 
material  larger  than  that  permitted  to  be  used  in  the  pavement  under  construction  from 
falling  into  any  of  the  bins. 

Each  sub-bin  must  have  a  separate  outlet  with  a  gate  at  the  bottom,  and  so  arranged 
that  any  definite  quantity  of  aggregate  can  be  drawn  therefrom.  The  hopper  into  which 
the  hot  aggregate  is  drawn  must  rest  upon  a  set  of  scales  so  arranged  that  any  definite 
weight  of  material  can  be  weighed  out  of  each  sub-bin. 

The  mixer  must  be  capable  of  holding  and  properly  mixing  at  least  a  one  thousand  (1,000) 
pound  batch  of  paving  mixture.  Each  plant,  regardless  of  the  type  of  mixer  used,  must 
have  at  least  two  asphalt  kettles  holding  not  less  than  six  hundred  (600)  gallons  each,  and 
an  asphalt  thermometer  for  use  therewith.  The  heat  must  be  applied  to  these  kettles  in 
such  a  manner  that  the  asphalt  cement  will  be  uniformly  heated  without  being  burned  or 
decomposed. 

The  asphalt  carrier  used  to  measure  and  apply  the  asphalt  cement  must  be  balanced 
upon  a  set  of  scales.  It  shall  be  so  arranged  that  the  asphalt  cement  can  be  easily  and 
quickly  weighed  and  poured  in  a  thin  sheet  between  the  two  lines  of  paddles  the  full  width 
of  the  mixer. 

When  a  squeegee  distributor  is  required  to  be  used,  it  must  be  designed  for  this  particular 
purpose.     All  equipment  and  methods  used  in  the  preparation  and  construction  of  the 
pavement  must  be  approved  by  the  Engineer  before  being  used  on  this  contract. 
22 


338 


RURAL  HIGHWAY  PAVEMENTS 


17.  Field  Laboratoky. 

The  Contractor  shall  provide  and  keep  in  good  order  at  the  plant  the  following  testing 
equipment  which  may  be  used  by  the  Engineer  or  Inspector. 

1  Penetration  Machine  Complete  with  Dishes,  Thermometer,  Needles,  Stop  Watch,  etc. 

1  Laboratory  Sand  Scale,  500  grams  capacity. 

1  Set  6-  to  8-in.  Sieves,  containing  the  following:  Sizes  10,  20,  30,  40,  50,  SO  and  200 
meshes,  with  bottom  pan  and  cover. 

1  Set  6-  to  8-in.  Screens,  l}i,  1,  ^i,  }4  and  }4  in. 

2  6-in.  Pointed  Trowels. 

2  6-  to  8-in.  Steel  Spatulas. 

2  Brushes. 

2  Or  more  Inspectors'  Armor  Asphalt  Thermometers. 

1  Roll  Pat  Test  Paper. 

The  above  equipment  must  be  of  standard  type  and  approved  by  the  Testing  Engineer. 
The  Contractor  shall  also  provide  a  field  laboratory  in  which  to  house  and  use  the  above 
equipment,  said  laboratory  to  be  not  less  than  ten  (10)  feet  wide,  twelve  (12)  feet  long  and 
seven  (7)  feet  high,  floored,  contain  not  less  than  two  windows  and  work  bench  with  the 
necessary  drawers;  this  laboratory  to  be  used  exclusively  for  testing  purposes  by  the 
Contractor,  Engineer  or  Inspector. 

Surface  Type  FA-BC-1 

751.  FINE  AGGREGATE.    BITUMINOUS  CONCRETE 

One  Course 

1.  Definitiojst. 

A  bituminous  concrete  pavement  is  defined  as  one  which  is  composed  of  clean  stone- 
bituminous  sand  and  a  mineral  filler,  bound  together  with  bituminous  cement. 

2.  Thickness  and  Weight. 

The  pavement  shall  be  laid  in  one  course.  It  must  have  an  average  thickness  of  not  less 
than  two  (2)  inches  after  ultimate  compression  and  shall  not  be  less  than  one  and  three, 
quarters  (1^^)  inches  nor  more  than  two  and  one-half  {2)4.)  inches  thick  at  any  point,  and 
shall  have  an  average  weight  of  not  less  than  two  hundred  fifty  (250)  pounds  per  square  yard 
of  surface,  exclusive  of  the  squegee  coat. 

3.  Materials  Required. 

This  pavement  shall  be  prepared  from  dustless  screenings  made  from  trap  rock,  dolomite 

or ,  bituminous  sands,  mineral  filler  and  asphaltic  cement.  Grade  NA^,  LM^, 

CM2,  or 

These  materials  shall  comply  with  the  requirements  given  therefor  in  Articles  92,  95-A 
and  99. 

4.  Composition. 

The  finished  pavement,  exclusive  of  any  bituminous  sealing  mixture  applied,  shall  not 
vary  in  composition  more  than  the  limits  given  below: 


Screens  and  sieves 

Type  of  open- 
ings 

Minimum,  per 
cent 

Maximum,  per 

cent 

Passing 

Retained  on 

1-in. 

J^-in. 

Circular 

0.0 

15.0 

K-in. 

3^-in. 

Circular 

20.0 

45.0 

M-in. 

10-mesh 

Circular 

10.0 

25.0 

10-mesh 

30-mesh 

Square 

4.0 

12.0 

30- mesh 

50-mesh 

Square 

6.0 

12.0 

50-mesh 

80-mesh 

Square 

6.0 

12.0 

80-mesh 

200-mesh 

Square 

5.0 

11.0 

200-mesh 

Square 

5.0 

8.0 

Total  stone  content  retained  on  10-mesh 

sieve 

50.0 

70.0 

6.5 

8.0 
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5.  Estimating  Ingredients. 

The  proportions  of  the  different  ingredients  required  to  prepare  the  pavement  shall  be 
determined  by  weight.  The  pavement  must  not  vary  in  composition  more  than  the 
specified  limits  given. 

The  bitumen  content  is  based  upon  the  finished  pavement,  exclusive  of  any  mineral  or 
bituminous  surface  coating  applied.  The  exact  amount  of  mineral  filler  and  asphaltic 
cement  to  use  between  the  limits  defined  herein  shall  be  determined  by  the  Testing  Engineer. 
In  calculating  the  percentages  of  the  various  sizes  of  ingredients  of  which  the  mineral  aggre- 
gate is  composed,  the  bitumen  is  included.  The  actual  amount  of  paving  mixture  used 
shall  be  estimated  from  the  railroad  shipping  weights  of  the  ingredients  used,  batches  of 
paving  mixture  prepared  and  used,  or  loads  delivered  and  laid. 
G.  Preparation. 

The  quantity  of  ingredients  used  per  batch  in  the  preparation  of  the  paving  mixture 
must  be  accurately  determined  by  either  weight  or  measurement,  depending  upon  the  type 
of  plant  and  kind  of  material  being  used.  In  either  case  the  devices  used  in  measuring 
these  ingredients  must  be  standardized  whenever  so  requested,  also  the  manner  in  which 
these  devices  are  used  shall  be  demonstrated  and  the  quantity  of  material  thus  secured 
verified,  whenever  so  ordered  by  the  Inspector  or  Engineer.  The  plant  used  in  prepar- 
ing the  paving  mixtures  shall  comply  with  the  requirements  given  below. 

The  mineral  filler  should  be  so  cast  into  the  mixing  chamber  that  it  is  evenly  distributed 
over  the  surface  of  the  aggregate  and  not  dumped  in  one  end  of  the  mixing  chamber.  The 
asphaltic  cement  should  also  be  added  slowly  in  a  thin  sheet  the  full  width  of  the  mixing 
chamber.  If  the  filler  and  asphaltic  cement  are  not  added  in  this  manner,  the  time  required 
to  produce  a  uniform  pa\'ing  mixture  will  be  two  (2)  or  more  minutes  per  batch,  otherwise, 
from  one  (1)  to  one  and  one-half  (l3^)  minutes  will  be  sufficient. 

The  aggregate  must  have  a  temperature  of  not  less  than  275°F.  nor  more  than  350°F. 
when  ready  to  be  coated  with  the  asphaltic  cement.  The  asphaltic  cement  when  applied  to 
the  aggregate  must  have  a  temperature  of  not  less  than  250°F.  and  must  be  free  from 
unmelted  lumps.     The  mineral  filler  may  be  added  cold,  but  must  be  thoroughly  dry. 

In  the  preparation  of  this  mixture  the  stone  and  sand  are  first  added  to  the  mixing 
chamber,  then  the  mineral  filler.  After  the  mineral  filler  has  become  uniformly  distributed 
through  the  aggregate  the  asphaltic  cement  is  added  and  the  mixing  continued  until  a 
bituminous  mixture  is  secured  that  is  uniform  and  homogeneous  in  composition  and  all 
the  particles  of  the  aggregate  are  uniformly  and  completely  coated  with  the  hot  asphaltic 
cement. 
7.  Hauling  and  Handling. 

The  paving  mixture  must  be  kept  clean  during  hauling  and  handling  and  covered  during 
transit  with  canvas  or  other  materials  which  will  retain  their  temperature.  The  mixture 
must  not  be  hauled  such  a  distance  that  segregation  of  the  ingredients  takes  place  or  that 
a  crust  is  formed  on  the  surface,  bottom  or  sides  of  said  mixture  which  has  a  temperature 
lower  than  that  required.  These  mixtures  must  not  be  dumped  any  faster  than  they  can  be 
properly  handled  by  the  shovelers  nor  at  such  a  rate  that  over  six  (6)  tons  of  paving  mixture 
are  upon  the  platforms  at  the  same  time.  They  must  be  spread  immediately  after  being 
dumped  and  must  be  kept  perfectly  clean  until  spread.  Any  part  of  the  paving  mixture 
which  becomes  dirty  or  chilled  below  the  required  temperature  must  be  rejected.  All 
paving  mixture  must  be  carefully  removed  from  the  spot  upon  which  it  was  placed  before 
any  additional  paving  mixture  is  placed  thereon. 

The  paving  mixture  when  dumped  on  the  platforms  or  foundation  must  have  a  temper- 
ature between  275°F.  and  3oO°F.  Any  portions  of  the  paving  mixture  that  becomes 
chilled  below  250°F,  before  being  spread  shall  be  discarded. 

The  paving  mixture  may  be  dumped  direct  on  a  concrete  foundation,  but  when  the 
foundation  is  macadam  or  telford,  it  shall  be  dumped  on  metal  or  wooden  platforms  which 
must  be  of  such  size  that  the  paving  mixture  will  not  fall  off  when  dumped  thereon  or  work 
off  during  spreading.  Each  load  of  paving  mixture  must  be  dumped  outside  of  the  area 
over  which  it  will  be  spread. 

All  vehicles  used  in  transporting  paving  mixtures  must  have  tight-fitting  bottoms  which 
will  hold  hot,  thin  mixtures  without  leaking.  When  motor  trucks  are  used  the  bodies 
should  be  insulated  for  long  hauls  during  cold  weather  so  that  the  paving  mixtures  adjacent 
the  ends  and  sides  will  not  become  chilled  during  transit.     All  motor  trucks  used  for  this 
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purpose  must  have  dump  bodies  that  will  permit  the  rapid  unloading  of  the  mixture.  The 
inside  surface  of  these  bodies  should  be  oiled  just  before  loading.  However,  only  sufficient 
of  this  oil  shall  be  used  to  coat  the  surface.  No  pools  of  oil  must  appear  in  the  bottom  of 
the  truck. 

8.  Spreading  and  Raking. 

Immediately  after  the  paving  mixture  has  been  dumped  upon  the  platform,  it  shall  be 
deposited  at  once  upon  the  foundation  with  hot  shovels  in  such  a  manner  that  any  segre- 
gation of  the  ingredients  or  irregularities  in  composition  will  be  eliminated  as  much  as 
possible.  After  being  thus  deposited  it  shall  be  so  spread  with  hot  iron  rakes  that  after 
being  thoroughly  compacted  by  tamping  and  rolling  it  shall  have  the  average  thickness, 
surface  finish  and  contour  specified. 

During  spreading  and  raking  the  workmen  must  not  walk  over  or  stand  on  the  paving 
mixture  except  when  necessary  to  correct  irregularities  in  the  initial  raking.  The  paving 
mixture  shall  not  be  spread  any  faster  than  it  can  be  properly  handled  by  the  rakers. 

Special  care  must  be  used  in  spreading  and  raking  the  wearing  surface  if  porous  spots, 
depressions  or  projections  are  to  be  eliminated.  For  this  purpose  the  Contractor  shall 
employ  not  less  than  three  (3)  rakers  for  each  one  hundred  (100)  square  yards  of  surface 
pavement  laid  per  hour.  Additional  rakers  must  be  employed  when  a  greater  quantity 
of  pavement  is  being  laid  per  hour. 

The  rolling  of  the  paving  mixture  must  be  so  executed  that  porous  spots  will  be  elimi- 
nated, the  formation  of  waves  and  depressions  prev^ented  and  the  required  density  and 
surface  finish  secured. 

Whenever  the  pavement  is  laid  along  side  of  brick  or  concrete  gutters,  street  car  tracks, 
man-hole  heads  or  liners,  the  finished  surface  adjacent  to  them  shall  be  left  one-quarter 
(}-4)  of  an  inch  high  in  order  to  provide  for  subsequent  compression  by  traffic  and  to  avoid 
depressions  which  would  otherwise  be  liable  to  occur  at  these  points. 

9.  Rolling. 

After  the  paving  mixture  has  been  properly  spread  and  raked  it  shall  be  rolled  as  soon  as 
it  will  bear  the  roller  without  undue  displacement  or  hair  cracking.  Delays  in  the  initial 
rolling  of  the  freshly  raked  mixtures  will  not  be  permitted.  In  all  places  inaccessiljle  to  a 
roller,  such  as  adjacent  to  curbs,  gutters,  headers,  man-holes,  etc.,  the  required  compression 
shall  be  secured  with  hot  tampers. 

The  initial  rolling  of  the  paving  mixture  may  be  done  with  a  five  (5)  to  eight  (8)  ton 
tandem  roller,  but  final  compression  shall  always  be  secured  with  a  ten  (10)  to  twelve  (12) 
ton  three-wheel  power  roller. 

When  more  than  one  hundred  (100)  square  yards  of  wearing  surface  are  being  laid  per 
hour,  two  (2)  rollers  shall  be  kept  in  use,  one  of  which  shall  be  of  the  finishing  size.  An 
additional  finishing  roller  will  be  required  for  each  additional  one  hundred  (100)  square 
yards  of  wearing  surface  laid  per  hour.  All  rollers  used  shall  be  kept  in  good  condition  and 
shall  weigh  not  less  than  two  hundred  (200)  pounds  to  the  inch  width  of  tread.  Each  roller 
shall  be  in  the  charge  of  a  competent  experienced  roller  engineer  and  must  be  kept  in  con- 
tinuous operation  as  nearly  as  practicable.  During  an  8-hour  day  each  roller  must  be 
engaged  in  actual  rolling  for  not  less  than  six  and  one-half  (63^^)  hours,  not  more  than  one 
and  one-half  (1/4)  hours  being  allowed  for  cleaning  fires,  watering,  etc.  The  ashes  from 
the  roller  must  not  be  dumped  upon  the  foundation  or  wearing  surface. 

The  surface  of  the  wheels  of  the  roller  must  be  kept  clean  at  all  times  and  either  oiled  or 
wet  with  water  as  ordered  by  the  Engineer.  When  the  use  of  water  is  permitted,  it  shall 
not  be  applied  in  such  quantity  that  surplus  water  will  run  off  of  the  wheels  of  the  roller 
onto  the  pavement. 

During  the  initial  rolling,  the  roller  shall  travel  parallel  to  the  axis  of  the  pavement, 
beginning  at  each  edge  and  working  towards  the  center.  Each  trip  of  the  roller  shall 
overlap  the  preceding  one  about  one-half  (3^2)  the  width  of  the  roller.  Alternate  trips  of  the 
roller  should  be  of  slightly  different  lengths.  Subsequent  rolling  shall  be  both  diagonal 
and  parallel  to  the  axis  of  the  pavement.  The  rolling  shall  be  continued  at  the  rate  of  not 
more  than  one  hundred  fifty  (150)  square  yards  of  wearing  surface  per  hour  for  each  roller 
of  the  finishing  size.  The  roller  must  not  pass  off  the  pavement  during  rolling,  nor  stand 
on  the  completed  pavement  which  has  not  cooled  to  normal  temperature. 

The  rolling  should  be  so  executed  that  all  parts  of  the  pavement  will  receive  equal 
compression;  also  develop  any  low  or  high  spots  caused  by  improper  spreading  and  raking. 
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The  surface  of  low  spots  or  depressions  shall  be  roughened  with  a  hot  rake,  additional  mate- 
rial added  thereto  and  rerolled  immediately.  Excess  material  shall  be  removed  from  the 
high  spots.  Such  repairs  should  be  made  as  soon  after  the  initial  rolling  as  pos.sible  while 
the  pavement  is  yet  fairly  soft. 

10.  Seal  Coat. 

As  soon  as  possible  after  the  rolling  of  the  mixture  is  finished  and  while  the  surface  is  yet 
fresh,  clean  and  hot,  a  seal  coat  of  bituminous  cement  shall  be  spread  thereon.  The  cement 
used  for  this  purpose  shall  be  the  same  as  used  in  preparing  the  pavement  mixture.  It 
shall  be  applied  at  a  temperature  between  250°F.  and  350°F.  from  a  squegee  dis- 
tributor, and  then  evenly  spread  with  rubber  squeegees.  Only  sufficient  cement  shall  be 
used  to  coat  the  surface  and  fill  the  surface  voids  without  leaving  an  excess  on  the  surface. 
Immediately  over  this  a  top  dressing  of  dustless  screenings  or  pea  gravel,  or  a  mixture 
thereof,  shall  be  uniformly  spread  and  rolled  into  the  surface.  Some  surplus  of  this 
dressing  shall  be  left  on  the  surface. 

11.  Surface  Finish. 

The  surface  of  the  finished  pavement  must  substantially  conform  to  the  grade  and 
contour  specified  and  shall  be  free  from  depressions  or  projections  which  are  one-quarter 
ij/i)  of  an  inch  above  or  below  the  established  grade  as  determined  by  a  straight  edge,  five 
(5)  feet  in  length,  laid  parallel  to  the  axis  of  the  road.  It  must  be  uniform  in  density  and 
composition,  thoroughly  bonded  together  and  water  tight,  and  be  free  from  porous  spots 
that  will  remain  wet  after  the  balance  of  the  surface  is  dry.  Such  portions  of  the  com- 
pleted pavement  as  are  defective  in  finish,  or  that  do  not  comply  in  all  respects  with  the 
requirements  of  these  specifications,  shall  be  taken  up,  removed  and  replaced  with  suitable 
material,  properly  made  and  laid  in  accordance  with  the  requirements  of  these  specifications 
at  the  expense  of  the  Contractor. 

12.  Joints. 

The  paving  shall  be  so  done  that  the  number  of  joints  required  shall  be  reduced  to  a 
minimum.  When  a  rope  joint  is  not  used  the  edges  of  the  previously  la'd  pavement  shall 
be  cut  off  in  a  straight  line  far  enough  back  from  the  edge  to  insure  that  the  wearing  surface 
has  the  required  thickness.  The  cut  shall  be  made  at  a  slight  angle  to  the  pavement  sur- 
face and  present  a  smooth  unbroken  edge.  The  face  of  the  joint  shall  be  painted  with 
bituminous  cement,  after  which  the  hot  bituminous  mixture  shall  be  raked  over  it  to  the 
proper  depth.  Hot  smoothers  or  tampers  shall  be  carefully  employed  in  such  a  manner 
as  to  insure  the  proper  bond  between  the  two  (2)  paving  mixtures  without  burning  or 
injuring  either.  The  finished  joint  must  be  on  the  same  plane  as  the  adjacent  finished 
pavement  surface.  Joints  which  are  above  or  below  the  general  plane  of  the  pavement 
surface  must  be  brought  to  the  proper  grade  or  remade. 

The  faces  of  all  curbs  and  gutters,  iron  castings  or  other  objects  projecting  through  the 
pavement  shall  be  painted  with  hot  bituminous  cement  before  the  adjoining  paving  mixture 
is  laid.  The  adjacent  paving  mixture  shall  be  compressed  by  ramming  with  hot  iron  tam- 
pers when  the  required  compression  cannot  be  secured  with  the  roller. 

13.  Foundation,  Condition  of. 

The  foundation,  when  a  bituminous  pavement  is  applied  thereon,  must  be  dry,  clean, 
free  from  all  frost,  and  have  a  temperature  above  32°F.  at  the  point  where  the  paving 
mixture  is  being  laid.  It  must  substantially  conform  to  the  grade  and  crown  specified,  and 
comply  with  the  requirements  given  for  the  type  of  foundation  being  used.  When  a 
foundation  is  in  the  proper  condition  to  receive  a  paving  mixture  it  must  be  protected  from 
all  travel  that  will  injure,  deface  or  carry  foreign  material  upon  it. 

14.  Edge  Protectors. 

When  the  edges  of  pavements  are  not  protected  by  a  concrete  or  stone  curb  or  header, 
four  (4)  to  six  (6)  inch  planks  of  the  same  thickness  as  the  finished  pavement  must  be  used 
for  this  purpose,  which  shall  be  firmly  secured  and  left  in  place  until  the  pavement  has  been 
properly  rolled  and  thoroughly  set. 

15.  Construction  Season. 

The  pavement  shall  be  laid  between  the  first  day  of  May  and  the  first  day  of  December, 
unless  written  permission  is  secured  from  the  Department  to  lay  pavement  at  any  other 
time.  No  pavement  shall  be  laid  when  it  is  raining  or  when  the  atmospheric  temperature 
is  below  32°F.,  or  when  the  weather  is  such  as  to  make  it  very  difficult  to  lay  the  paving 
mixture  in  a  manner  which  will  permit  the  proper  density  and  surface  finish  being  secured. 
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16.  Workmen. 

The  workmen  employed  by  the  Contractor  must  have  had  sufficient  experience  in  the 
preparation  of  bituminous  paving  mixtures  and  the  construction  of  bituminous  pavements 
to  be  able  to  operate  the  equipment  in  such  a  manner  that  the  pavement  produced  will 
have  the  required  composition,  density  and  surface  finish.  The  men  operating  the  mixing 
plant,  the  spreaders,  rakers  and  roller  men  must  .show  by  the  work  completed  that  they 
have  had  the  necessary  experience  and  are  making  the  proper  effort  to  execute  the  work  in 
the  manner  required  by  these  specifications.  Otherwise,  their  services  will  have  to  be 
dispensed  with  by  the  Contractor. 

17.  Plant  and  Equipment. 

The  plant  used  in  preparing  all  bituminous  paving  mixtures  must  be  of  the  batch  type, 
capable  of  mixing  in  the  manner  herein  specified  not  less  than  ten  (10)  tons  of  the  paving 
mixture  for  each  mixer  per  hour,  and  must  be  provided  with  separate  chambers  for  heating 
and  mixing  the  ingredients.  No  direct  heat  except  steam  shall  be  applied  to  the  exterior 
surface  of  the  mixing  chamber  or  flame  through  the  same.  The  aggregate  shall  be  heated 
in  a  revolving  kiln.  The  heat  must  be  so  regulated  that  the  aggregate  can  easily  be  heated 
to  and  maintained  at  the  required  temperature.  The  temperature  of  the  uncoated  heated 
aggregate  shall  be  determined  by  an  electric  pyrometer,  so  placed  at  the  discharge  chute  of 
the  dryer  as  to  register  automatically  the  temperature  thereof. 

All  mixing  plants  which  do  not  dry  and  heat  the  aggregate  in  unit  batches  must  be 
equipped  with  a  twin-pug  mixer,  rotary  screen,  storage  bins,  hopper  and  scales. 

The  rotary  screen  must  separate  the  aggregate  into  two  or  more  sizes,  exclusive  of 
tailings.  This  screen  must  be  not  less  than  five  (5)  feet  in  length  and  contain  the  size 
openings  necessary  to  produce  a  paving  mixture  of  the  composition  herein  specified. 

The  main  bin  into  which  the  hot  screened  aggregate  falls  must  be  divided  to  correspond 
to  the  different  sized  openings  in  the  rotary  screen,  and  be  so  arranged  that  the  aggregate 
from  each  size  screen  will  pass  into  its  respective  bin  without  getting  into  the  adjacent  sub- 
bins.  Each  sub-bin  must  be  provided  with  an  overflow  that  will  prevent  excess  material 
being  accumulated  in  any  one  sub-bin.  An  overflow  must  also  be  provided  to  prevent  all 
material  larger  than  that  permitted  to  be  used  in  the  pavement  under  construction  from 
falling  into  any  of  the  bins. 

Each  sub-bin  must  have  a  separate  outlet  with  a  gate  at  the  bottom,  and  so  arranged 
that  any  definite  quantity  of  aggregate  can  be  drawn  therefrom.  The  hopper  into  which 
the  hot  aggregate  is  drawn  must  rest  upon  a  set  of  scales  so  arranged  that  any  definite 
weight  of  material  can  be  weighed  out  of  each  sub-bin. 

The  mixer  must  be  capable  of  holding  and  properly  mixing  at  least  a  one  thousand 
(1,000)  pound  batch  of  paving  mixture.  Each  plant,  regardless  of  the  type  of  mixer  used, 
must  have  at  least  two  asphalt  kettles  holding  not  less  than  .six  hundred  (600)  gallons 
each,  and  an  asphalt  thermometer  for  use  therewith.  The  heat  must  be  applied  to  these 
kettles  in  such  a  manner  that  the  asphalt  cement  will  be  uniformly  heated  without  being 
burned  or  decomposed. 

The  asphalt  carrier  used  to  measure  and  apply  the  asphalt  cement  must  be  balanced 
upon  a  set  of  scales.  It  shall  be  so  arranged  that  the  asphalt  cement  can  be  easily  and 
quickly  weighed  and  poured  in  a  thin  sheet  between  the  two  lines  of  paddles  the  full  width 
of  the  mixer. 

When  a  squeegee  distributor  is  required  to  be  used,  it  must  be  designed  for  this  particular 
purpo.se.  All  equipment  and  methods  used  in  the  preparation  and  construction  of  the 
pavement  must  be  approved  by  the  Engineer  before  being  used  on  this  contract. 

18.  Field  Laboratory. 

The  Contractor  shall  provide  and  keep  in  good  order  at  the  plant  the  following  testing 
equipment  which  may  be  used  by  the  Engineer  or  Inspector. 

1  Penetration  Machine  Complete  with  Dishes,  Thermometer,  Needles,  Stop  Watch,  etc. 

1  Laboratory  Sand  Scale,  500-gr.  capacity. 

1  Set  6-  to  8-in.  Sieves,  containing  the  following:  Sizes  10,  20,  30,  40,  50,  80  and  200 
meshes,     with    bottom    pan    and     cover. 

1  Set  6-  to  8-in.  Screens,  \}i,  1,  %,  }4.  and  M  in. 

2  6-in.  Pointed  Trowels. 

2  6-  to  8-in.  Steel  Spatulas. 
2  Brushes. 
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2  Or  more  Inspectors'  Armor  Asphalt  Thermometers. 

1  Roll  Pat  Test  Paper. 

The  above  equipment  must  be  of  standard  type  and  approved  by  the  Testing  Engineer. 
The  Contractor  shall  also  provide  a  field  laboratory  in  which  to  house  and  use  the  above 
equipment,  said  laboratory  to  be  not  less  than  ten  (10)  feet  wide,  twelve  (12)  feet  long  and 
seven  (7)  feet  high,  floored,  contain  not  less  than  two  windows  and  work  bench  with  the 
necessary  drawers;  this  laboratory  to  be  used  exclusively  for  testing  purposes  by  the 
Contractor,  Engineer  or  Inspector. 

Surface  Type  FA-BC-2 

7 5 J.  FINE  AGGREGATE.    BITUMINOUS  CONCRETE 

Two  Course 

1.  Definition. 

A  bituminous  concrete  pavement  is  defined  as  one  which  is  composed  of  clean  stone, 
bituminous  sand  and  a  mineral  filler,  bound  together  with  bituminous  cement. 

2.  Thickness  and  Weight. 

This  pavement  shall  be  laid  in  two  courses — the  top  or  wearing  course  and  the  bottom 
or  binder  course.  The  top  course  must  have  an  average  thickness,  after  ultimate  com- 
pression, of  not  less  than  one  and  one-half  (13'^)  inches,  shall  not  be  less  than  one  and  one- 
quarter  (1/-:^)  inches  nor  more  than  two  (2)  inches  thick  at  any  point,  and  have  an  average 
weight  of  not  less  than  one  hundred  eighty-five  (185)  pounds  per  square  yard,  exclusive  of 
the  squeegee  coat.  The  bottom  course  shall  have  an  average  thickness,  after  ultimate 
compression,  of  not  less  than  one  and  one-half  (l3-2)  inches  and  shall  not  be  less  than  one 
and  one-quarter  (ij'i)  inches  nor  more  than  two  and  one-half  (2^2)  inches  thick  at  any  point, 
and  have  an  average  weight  of  not  less  than  one  hundred  seventy  (170)  pounds  per  square 
yard  of  surface. 

3.  Materials  Required. 

The  binder  course  shall  be  prepared  from  ^4-in.  trap  rock,  dolomite  or , 

bituminous  sand,  mineral  filler,  and  asphaltic  cement  Grades  NA^,  LM^,  CM^  or 

The  surface  course  shall  be  prepared  from  dustless  screenings  made  from  trap  rock, 

dolomite  or ,  bituminous  sand,  mineral  filler  and  asphaltic  cement  Grades 

NA2,  LM^,  CM2,  or 

These  materials  shall  comply  with  the  requirements  given  therefor  in  Articles  92,  95-A 
and  99. 

4.  Composition. 

The  finished  pavement,  exclusive  of  any  bituminous  sealing  mixture  applied,  shall  not 
vary  in  composition  more  than  the  limits  given  below: 


Screens  and  sieves 

Bottom  course 

Top 

course 

Type  of 
openings 

Passing 

Retained  on 

Minimum, 
per  cent 

Maximum, 
per  cent 

Minimum, 
per  cent 

Maximum, 
per  cent 

ly^-in. 

1-in. 

Circular 

0.0 

25.0 

1-in. 

3'2-in. 

Circular 

40.0 

70.0 

0.0 

15.0 

M-in. 

H-in. 

Circular 

5.0 

20.0 

20.0 

45.0 

Ji-in. 

10-mesh 

Square 

0.0 

15.0 

10.0 

25.0 

10-mesh 

30-mesh 

Square 

3.0 

10.0 

6.0 

18.0 

30-mesh 

50-mesh 

Square 

4.0 

8.0 

6.0 

12.0 

50-mesh 

80-mesh 

Square 

4.0 

8.0 

6.0 

12.0 

80-mesh 

200-mesh 

Square 

3.0 

12.0 

5.0 

11.0 

200-mesh 

Square 

2.0 

8.0 

5.0 

8.0 

Total  stone  content  ret.  on 

LO-mesh 

75.0 

90.0 

50.0 

70.0 

Bitumen  cont 

mt 

4.0 

5.5 

6.0 

8.0 
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5.  Estimating  Ingredients. 

The  proportions  of  the  different  ingredients  required  to  prepare  the  pavement  shall  be 
determined  by  weight.  The  pavement  must  not  vary  in  composition  more  than  the 
specified  limits  given. 

The  bitumen  content  is  based  upon  the  finished  pavement,  exclusive  of  any  mineral  or 
bituminous  surface  coating  applied.  The  exact  amount  of  mineral  filler  and  asphaltic 
cement  to  use  between  the  limits  defined  herein  shall  be  determined  by  the  Testing  Engineer. 
In  calculating  the  percentages  of  the  various  sizes  of  ingredients  of  which  the  mineral 
aggregate  is  composed,  the  bitumen  is  included.  The  actual  amount  of  paving  mixture 
used  shall  be  estimated  from  the  railroad  shipping  weights  of  the  ingredients  used,  batches 
of  paving  mixtures  prepared  and  used,  or  loads  delivered  and  laid. 

6.  Preparation. 

The  quantity  of  ingredients  used  per  batch  in  the  preparation  of  both  the  top  and  bottom 
courses  must  be  accurately  determined  by  either  weight  or  measurement,  depending  upon 
the  type  of  plant  and  kind  of  material  being  used.  In  either  case  the  devices  used  in  meas- 
uring these  ingredients  must  be  standardized  whenever  so  requested,  also  the  manner  in 
which  these  devices  are  used  shall  be  demonstrated  and  the  quantity  of  material  thus 
secured  verified,  whenever  so  ordered  by  the  Inspector  or  Engineer.  The  plant  used  in 
preparing  the  paving  mixtures  shall  comply  with  the  requirements  given  below. 

The  mineral  filler  should  be  so  cast  into  the  mixing  chamber  that  it  is  evenly  distributed 
over  the  surface  of  the  aggregate  and  not  dumped  in  one  end  of  the  mixing  chamber.  The 
asphaltic  cement  should  also  be  added  slowly  in  a  thin  sheet  the  full  width  of  the  mixing 
chamber.  If  the  filler  and  asphaltic  cement  are  not  added  in  this  manner,  the  time  required 
to  produce  a  uniform  paving  mixture  will  be  two  (2)  or  more  minutes  per  batch,  otherwise, 
from  one  (1)  to  one  and  one-half  (1/-^)  minutes  will  be  sufficient. 

(a)  Wearing  Surface.  The  aggregate  for  the  wearing  surface  must  have  a  temper- 
ature of  not  less  than  275°F.  nor  more  than  350°F.  when  ready  to  be  coated  with  the 
asphaltic  cement.  The  asphaltic  cement,  when  applied  to  the  aggregate,  must  have  a 
temperature  of  not  less  than  250°F.  and  not  more  than  350°F.,  and  must  be  free  from 
unmelted  lumps.     The  mineral  filler  may  be  added  cold  and  must  be  thoroughly  dry. 

In  the  preparation  of  this  mixture  the  aggregate  is  first  added  to  the  mixing  chamber, 
then  the  mineral  filler.  After  the  mineral  filler  has  become  uniformly  distributed 
through  the  aggregate  the  asphaltic  cement  is  added  and  the  mixing  continued  until  a 
bituminous  mixture  is  secured  that  is  uniform  and  homogeneous  in  composition  and  all 
the  particles  of  the  aggregate  are  uniformly  and  completely  coated  with  the  hot  asphaltic 
cement. 

(6)  Binder  Course.  The  aggregate  for  the  binder  course  must  have  a  temperature  of 
not  less  than  250°F.  nor  more  than  350°F.  when  ready  to  be  coated  with  the  asphaltic 
cement.  The  asphaltic  cement  shall  have  the  same  temperature  when  applied  as  specified 
for  the  wearing  surface.      No  mineral  filler  is  required  in  the  binder. 

In  preparing  the  binder  course,  the  stone  and  sand  are  run  into  the  mixing  chamber  and 
the  asphaltic  cement  added  as  soon  as  the  sand  is  thoroughly  incorporated  with  the  stone. 
The  mixing  is  continued  until  all  particles  of  the  aggregate  are  completely  coated  with  hot 
asphaltic  cement  and  the  mixture  is  uniform  and  homogeneous  in  composition.  Care 
must  be  exercised  in  the  preparation  of  this  binder  that  the  aggregate  does  not  get  too  hot, 
that  excess  fine  material  or  asphaltic  cement  are  not  used  if  rich  spots  in  the  binder  are  to 
be  avoided. 
7.  Hauling  and  Handling. 

The  paving  mixtures  must  be  kept  clean  during  hauling  and  handling  and  covered 
during  transit  with  canvas  or  other  materials  which  will  retain  their  temperature.  These 
mixtures  must  not  be  hauled  such  a  distance  that  segregation  of  the  ingredients  takes  place 
or  that  a  crust  is  formed  on  the  surface,  bottom  or  sides  of  said  mixture  which  has  a  temper- 
ature lower  than  that  required.  These  mixtures  must  not  be  dumped  any  faster  than  they 
can  be  properly  handled  by  the  shovelers  nor  at  such  a  rate  that  over  six  (6)  tons  of  paving 
mixture  are  upon  the  platforms  at  the  same  time.  They  must  be  spread  immediately 
after  being  dumped  and  must  be  kept  perfectly  clean  until  spread.  Any  part  of  the  paving 
mixture  which  becomes  dirty  or  chilled  below  the  required  temperature  must  be  rejected. 
All  paving  mixture  must  be  carefully  removed  from  the  spot  upon  which  it  was  placed  before 
any  additional  paving  mixture  is  placed  thereon. 
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The  mixture  for  the  wearing  surface,  when  dumped  on  the  platforms,  must  have  a 
temperature  between  275°F.  and  350°F.;  for  the  binder  course,  between  250°F.  and  325°F. 
Any  portions  of  the  wearing  surface  mixture  that  become  chilled  below  250°F.  or  of  the 
binder  below  225°F.  before  being  spread  shall  be  discarded. 

These  paving  mixtures  may  be  dumped  direct  on  a  concrete  foundation,  but  when  the 
foundation  is  macadam  or  telford  they  shall  be  dumped  on  metal  or  wooden  platforms 
which  must  be  of  such  size  that  the  paving  mixture  will  not  fall  off  when  dumped  thereon 
or  work  off  during  spreading.  The  wearing  surface  mixture  may  be  dumped  on  the  binder. 
However,  each  load  of  paving  mixture  must  be  dumped  outside  of  the  area  over  which  it 
will    be    spread. 

All  vehicles  used  in  transporting  paving  mixtures  must  have  tight-fitting  bottoms  which 
will  hold  hot,  thin  mixtures  without  leaking.  When  motor  trucks  are  used  the  bodies 
should  be  insulated  for  long  hauls  during  cold  weather  so  that  the  paving  mixtures  adjacent 
the  ends  and  sides  will  not  become  chilled  during  transit.  All  motor  trucks  used  for  this 
purpose  must  have  dump  bodies  that  will  permit  the  rapid  unloading  of  these  mixtures. 
The  inside  surface  of  these  bodies  should  be  oiled  just  before  loading.  However,  only 
sufficient  of  this  oil  shall  be  used  to  coat  the  surface.  No  pools  of  oil  must  appear  on  the 
bottom  of  the  truck. 
8.  Spreading  and  Raking. 

Immediately  after  the  paving  mixture  has  been  dumped  upon  the  platform,  it  shall  be 
deposited  at  once  upon  the  foundation  or  binder  with  hot  shovels  in  such  a  manner  that  any 
segregation  of  the  ingredients  or  irregularities  in  composition  will  be  eliminated  as  much  as 
possible.  After  being  thus  deposited  it  shall  be  so  spread  with  hot  iron  rakes  that  after 
being  thoroughly  compacted  by  tamping  and  rolling  each  course  shall  have  the  average 
thickness,  surface  finish  and  contour  specified. 

During  spreading  and  raking  the  workmen  must  not  walk  over  or  stand  on  the  paving 
mixture  except  when  necessary  to  correct  irregularities  in  the  initial  raking.  The  paving 
mixture  shall  not  be  spread  any  faster  than  it  can  be  properly  handled  by  the  rakers. 

(a)  Binder.  The  binder  cour.se  shall  only  be  rolled  sufficient  to  properly  compact  and 
bind  together  the  ingredients  of  the  aggregate;  also  to  disclose  any  open  spots  or  low  places. 
When  any  depressions  are  discovered  they  shall  be  filled  with  additional  binder  and  rerolled 
so  that  the  surface  of  this  binder  course  shall  be  of  a  uniform  character,  at  the  required  grade 
and  have  the  specified  crown. 

The  surface  of  the  binder  course  after  compression  shall  not  show  in  any  place  an  excess 
of  asphaltic  cement  or  fine  matrix,  and  any  area  of  one  square  foot  or  more  showing  an 
excess  of  asphaltic  cement  shall  be  cut  out  and  replaced  with  proper  binder.  Smaller  spots 
may  be  dried  by  the  use  of  stone  dust  and  smoothing  irons. 

After  being  spread  and  rolled  as  above  specified  the  binder  course  must  be  protected 
from  all  travel  and  be  kept  perfectly  clean  until  the  top  course  has  been  applied.  If  any 
part  of  the  binder  course  shows  a  lack  of  bond,  becomes  loose  or  broken  or  gets  covered  with 
dirt  it  must  be  replaced  with  proper  material,  laid  in  accordance  with  the  requirements  given. 

The  binder  course  after  being  properly  constructed  should  be  covered  immediately  with 
the  top  course.  In  no  case  shall  more  binder  be  laid  during  any  one  day  than  can  be 
covered  by  the  top  course  during  the  same  day.  No  binder  course  should  be  left  uncovered 
during  the  night.  If  it  becomes  coated  with  dust  or  dirt  when  left  so  uncovered  it  must  be 
swept  clean  or  replaced  with  proper  material  as  the  Engineer  may  direct,  before  any  surface 
course  is  applied  thereto. 

(6)  Surface. — Special  care  must  be  used  in  spreading  and  raking  the  wearing  surface 
if  porous  spots,  depression  or  projections  are  to  be  eliminated.  For  this  purpose  the 
Contractor  shall  employ  not  less  than  three  (3)  rakers  for  each  one  hundred  (100)  square 
yards  of  surface  pavement  laid  per  hour.  Additional  rakers  must  be  employed  when  a 
greater  quantity  of  pavement  is  being  laid  per  hour. 

The  rolling  of  the  wearing  surface  mixture  must  be  so  executed  that  porous  spots  will  be 
eliminated,  the  formation  of  waves  and  depressions  prevented  and  the  required  density  and 
surface  finish  secured. 

Whenever  the  pavement  is  laid  along  side  of  brick  or  concrete  gutters,  street  car  tracks, 
man-hole  heads  or  liners,  the  finished  surface  adjacent  to  them  shall  be  left  one-quarter 
(/^)  of  an  inch  high  in  order  to  provide  for  subsequent  compression  by  traffic  and  to  avoid 
depressions  which  would  otherwi.se  be  liable  to  occur  at  these  points. 
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9.  Rolling. 

After  the  paving  mixtures  have  been  properly  spread  and  raked  they  shall  be  rolled  as 
soon  as  they  will  bear  the  roller  without  undue  displacement  or  hair  cracking.  Delays  in 
the  initial  rolling  of  the  freshly  raked  mixtures  will  not  be  permitted.  In  all  places  inac- 
cessible to  a  roller,  such  as  adjacent  to  curbs,  gutters,  headers,  man-holes,  etc.,  the  required 
compression  shall  be  secured  with  hot  tampers. 

The  initial  and  final  rolling  of  the  binder  course  shall  be  done  with  a  six  (6)  to  eight  (8) 
ton  tandem  roller  or  a  ten  (10)  to  twelve  (12)  ton  three-wheel  power  roller.  The  initial 
rolling  of  the  top  course  or  wearing  surface  shall  be  done  with  a  five  (5)  ton  tandem  roller, 
but  final  compression  shall  always  be  secured  with  an  eight  (8)  to  ten  (10)  ton  tandem  roller 
or  a  ten  (10)  to  twelve  (12)  ton  three-wheel  power  roller  when  the  Engineer  permits  or 
requires  the  use  of  this  type  of  roller. 

When  more  than  one  hundred  (100)  square  yards  of  wearing  surface  are  laid  per  hour, 
two  (2)  rollers  shall  be  kept  in  use,  one  of  which  shall  be  of  the  finishing  size.  An  additional 
finishing  roller  will  be  required  for  each  additional  one  hundred  (100)  square  yards  of  wear- 
ing surface  laid  per  hour.  All  rollers  used  shall  be  kept  in  good  condition  and  shall  weigh 
not  less  than  two  hundred  (200)  pounds  to  the  inch  width  of  tread.  Each  roller  shall  be  in 
the  charge  of  a  competent  experienced  roller  Engineer  and  must  be  kept  in  continuous 
operation  as  nearly  as  practicable.  During  an  8-hour  day  each  roller  must  be  engaged 
in  actual  rolling  for  not  less  than  six  and  one-half  (63^0  hours,  not  more  than  one  and 
one-half  (ij-^)  hours  being  allowed  for  cleaning  fires,  watering,  etc.  The  ashes  from  the 
roller  must  not  be  dumped  upon  the  binder  or  wearing  surface  courses. 

The  surface  of  the  wheels  of  the  roller  must  be  kept  clean  at  all  times  and  either  oiled  or 
wet  with  water  as  ordered  by  the  Engineer.  When  the  use  of  water  is  permitted,  it  shall  not 
be  applied  in  such  quantity  that  surplus  water  will  run  off  of  the  wheels  of  the  roller  onto 
the  pavement. 

During  the  initial  rolling  of  both  the  top  and  bottom  courses,  the  roller  shall  travel 
parallel  to  the  axis  of  the  pavement,  beginning  at  each  edge  and  working  towards  the 
center.  Each  trip  of  the  roller  shall  overlap  the  preceding  one  about  one-half  (3^2)  the 
width  of  the  roller.  Alternate  trips  of  the  roller  should  be  of  slightly  different  lengths. 
Subsequent  rolling  shall  be  both  diagonal  and  parallel  to  the  axis  of  the  pavement.  The 
rolling  shall  be  continued  at  the  rate  of  not  more  than  one  hundred  fifty  (150)  square  yards 
of  wearing  surface  per  hour  for  each  roller  of  the  finishing  size.  The  roller  must  not  pass 
off  the  pavement  during  rolling,  nor  stand  on  the  completed  pavement  which  has  not  cooled 
to  normal  temperature. 

The  rolling  should  be  so  executed  that  all  parts  of  the  pavement  will  receive  equal  com- 
pression; also  develop  any  low  or  high  spots  caused  by  improper  spreading  and  raking. 
The  surface  of  low  spots  or  depressions  shall  be  roughened  with  a  hot  rake,  additional 
material  added  thereto  and  rerolled  immediately.  Excess  material  shall  be  removed  from 
the  high  spots.  Such  repairs  should  be  made  as  soon  after  the  initial  rolling  as  possible 
while  the  pavement  is  yet  fairly  soft. 

10.  Seal  Coat. 

As  soon  as  possible  after  the  rolling  of  the  mixture  is  finished  and  while  the  surface  is  yet 
fresh,  clean  and  hot,  a  seal  coat  of  bituminous  cement  shall  be  spread  thereon.  The  cement 
used  for  this  purpose  shall  be  the  same  as  used  in  preparing  the  pavement  mixture.  It  shall 
be  applied  at  a  temperature  between  250°F.  and  350°F.  from  a  squeegee  distributor,  and  then 
evenly  spread  with  rubber  squeegees.  Only  sufficient  cement  shall  be  used  to  coat  tfie  sur- 
face and  fill  the  surface  voids  without  leaving  an  excess  on  the  surface.  Immediately  over 
this  a  top  dressing  of  dustless  screenings  or  pea  gravel,  or  a  mixture  thereof,  shall  be 
uniformly  spread  and  rolled  into  the  surface.  Some  surplus  of  this  dressing  shall  be  left 
on  the  surface. 

11.  Surface  Finish. 

The  surface  of  the  finished  pavement  must  substantially  conform  to  the  grade  and  con- 
tour specified  and  shall  be  free  from  depressions  or  projections  which  are  one-quarter  (J'l) 
of  an  inch  above  or  below  the  established  grade  as  determined  by  a  straight  edge,  five  (5) 
feet  in  length,  laid  parallel  to  the  axis  of  the  road.  It  must  be  uniform  in  density  and  com- 
Ijosition,  thoroughly  bonded  together  and  water  tight,  and  be  free  from  porous  or  rough 
spots  that  will  remain  wet  after  the  balance  of  the  surface  is  dry.  Such  portions  of  the 
completed  pavement  as  are  defective  in  finish,  or  that  do  not  comply  in  all  respects  with  the 
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requirements  of  these  specifications,  shall  be  taken  up,  removed  and  replaced  with  suitable 
material,  properly  made  and  laid  in  accordance  with  the  requirements  of  these  specifications 
at  the  expense  of  the  Contractor. 

12.  Joints. 

The  paving  shall  be  so  done  that  the  number  of  joints  required  shall  be  reduced  to  a 
minimum.  When  a  rope  joint  is  not  used  the  edges  of  the  previously  laid  pavement  shall 
be  cut  off  in  a  straight  line  far  enough  back  from  the  edge  to  insure  that  the  wearing  surface 
has  the  required  thickness.  The  cut  shall  be  made  at  a  slight  angle  to  the  pavement  sur- 
face and  present  a  smooth  unbroken  edge.  The  face  of  the  joint  shall  be  painted  with 
bituminous  cement,  after  which  the  hot  bituminous  mixture  shall  be  raked  over  it  to  the 
proper  depth.  Hot  smoothers  or  tampers  shall  be  carefully  employed  in  such  manner  as  to 
insure  the  proper  bond  between  the  two  (2)  paving  mixtures  without  burning  or  injuring 
either.  The  finished  joint  must  be  on  the  same  plane  as  the  adjacent  finished  pavement 
surface.  Joints  which  are  above  or  below  the  general  plane  of  the  pavement  surface  must 
be  brought  to  the  proper  grade  or  remade. 

The  faces  of  all  curbs  and  gutters,  iron  castings  or  other  objects  projecting  through  the 
pavement  shall  be  painted  with  hot  bituminous  cement  before  the  adjoining  paving  mixture 
is  laid.  The  adjacent  paving  mixture  shall  be  compressed  by  ramming  with  hot  tampers 
when  the  required  compression  cannot  be  secured  with  the  roller. 

13.  Foundation,  Condition  of. 

The  foundation,  when  a  bituminous  pavement  is  applied  thereon,  must  be  dry,  clean, 
free  from  all  frost,  and  have  a  temperature  above  32°F.  at  the  point  where  the  paving 
mixture  is  being  laid.  It  must  substantially  conform  to  the  grade  and  crown  specified,  and 
comply  with  the  requirements  given  for  the  type  of  foundation  being  used.  When  a 
foundation  is  in  the  proper  condition  to  receive  a  paving  mixture  it  must  be  protected  from 
all  travel  that  will  injure,  deface  or  carry  foreign  material  upon  it. 

14.  Edge  Protectors. 

When  the  edges  of  pavements  are  not  protected  by  a  concrete  or  stone  curb  or  header, 
four  (4)  to  six  (6)  inch  planks  of  the  same  thickness  as  the  finished  pavement  must  be  used 
for  this  purpose,  which  shall  be  firmly  secured  and  left  in  place  until  the  pavement  has  been 
properly  rolled  and  thoroughly  set. 

15.  Construction  Season. 

The  pavement  shall  be  laid  between  the  first  day  of  May  and  the  first  day  of  December, 
unless  written  permission  is  secured  from  the  Department  to  lay  pavement  at  any  other 
time.  No  pavement  shall  be  laid  when  it  is  raining  or  when  the  atmospheric  temperature 
is  below  32°F.,  or  when  the  weather  is  such  as  to  make  it  very  difficult  to  lay  the  paving 
mixture  in  a  manner  which  will  permit  the  proper  density  and  surface  finish  being  secured. 

16.  Workmen. 

The  workmen  employed  by  the  Contractor  must  have  had  sufficient  experience  in  the 
preparation  of  bituminous  paving  mixtures  and  the  construction  of  bituminous  pavements 
to  be  able  to  operate  the  equipment  in  such  a  manner  that  the  pavement  produced  will  have 
the  required  composition,  density  and  surface  finish.  The  men  operating  the  mixing 
plant,  the  spreaders,  rakers  and  roller  men  must  show  by  the  work  completed  that  they 
have  had  the  necessary  experience  and  are  making  the  proper  effort  to  execute  the  work  in 
the  manner  required  by  these  specifications.  Otherwise,  their  services  will  have  to  be  dis- 
pensed with  by  the  Contractor. 

17.  Plant  and  Equipment. 

The  plant  used  in  preparing  all  bituminous  paving  mixtures  must  be  of  the  batch  type, 
capable  of  mixing  in  the  manner  herein  specified  not  less  than  ten  (10)  tons  of  the  paving 
mixture  for  each  mixer  per  hour,  and  must  be  provided  with  separate  chambers  for  heating 
and  mixing  the  ingredients.  No  direct  heat  except  steam  shall  be  applied  to  the  exterior 
surface  of  the  mixing  chamber  or  flame  through  the  same.  The  aggregate  shall  be  heated 
in  a  revohang  kiln.  The  heat  must  be  so  regulated  that  the  aggregate  can  easily  be  heated 
to  and  maintained  at  the  required  temperature.  The  temperature  of  the  uncoated  heated 
aggregate  shall  be  determined  by  an  electric  pyrometer,  so  placed  at  the  discharge  chute  of 
the  dryer  as  to  register  automatically  the  temperature  thereof. 

All  mixing  plants  which  do  not  dry  and  heat  the  aggregate  in  unit  batches  must  be 
equipped  with  a  twin-pug  mixer,  rotary  screen,  storage  bins,  hopper  and  scales. 
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The  rotary  screen  must  separate  the  aggregate  into  two  or  more  sizes,  exclusive  of 
tailings.  This  screen  must  be  not  less  than  five  (5)  feet  in  length  and  contain  the  size 
openings  necessary  to  produce  a  paving  mixture  of  the  composition  herein  specified. 

The  main  bin  into  which  the  hot  screened  aggregate  falls  must  be  divided  to  correspond 
to  the  different  sized  openings  in  the  rotary  screen,  and  be  so  arranged  that  the  aggregate 
from  each  size  screen  will  pass  into  its  respective  bin  without  getting  into  the  adjacent  sub- 
bins.  Each  sub-bin  must  be  provided  with  an  overflow  that  will  prevent  excess  material 
being  accumulated  in  any  one  sub-bin.  An  overflow  must  also  be  provided  to  prevent 
all  material  larger  than  that  permitted  to  be  used  in  the  pavement  under  construction  from 
falling  into  any  of  the  bins. 

Each  sub-bin  must  have  a  separate  outlet  with  a  gate  at  the  bottom,  and  so  arranged 
that  any  definite  quantity  of  aggregate  can  be  drawn  therefrom.  The  hopper  into  which 
the  hot  aggregate  is  drawn  must  rest  upon  a  set  of  scales  so  arranged  that  any  definite 
weight  of  material  can  be  weighed  out  of  each  sub-bin. 

The  mixer  must  be  capable  of  holding  and  properly  mixing  at  least  a  one  thousand 
(1,000)  pound  batch  of  paving  mixture.  Each  plant,  regardless  of  the  type  of  mixer  used, 
must  have  at  least  two  asphalt  kettles  holding  not  less  than  six  hundred  (600)  gallons 
each,  and  an  asphalt  thermometer  for  use  therewith.  The  heat  must  be  applied  to  these 
kettles  in  such  a  manner  that  the  asphalt  cement  will  be  uniformly  heated  without  being 
burned  or  decomposed. 

The  asphalt  carrier  used  to  measure  and  apply  the  asphalt  cement  must  be  balanced 
upon  a  set  of  scales.  It  shall  be  so  arranged  that  the  asphalt  cement  can  be  easily  and 
quickly  weighed  and  poured  in  a  thin  sheet  between  the  two  lines  of  paddles  the  full  width 
of  the  mixer. 

When  a  squeegee  distributor  is  required  to  be  used,  it  must  be  designed  for  this  particular 
purpose.     All  equipment  and  methods  used  in  the  preparation  and  construction  of  the 
pavement  must  be  approved  by  the  Engineer  before  being  used  on  this  contract. 
18.   Field  Laboratory. 

The  Contractor  shall  provide  and  keep  in  good  order  at  the  plant  the  following  testing 
equipment  which  may  be  used  by  the  Engineer  or  Inspector. 

1  Penetration  Machine  Complete  with  Dishes,  Thermometer,  Needles,  Stop  Watch,  etc. 

1  Laboratory  Sand  Scale,  500-gr.  capacity. 

1  Set  6-  to  8-in.  Sieves,  containing  the  following:  Sizes  10,  20,  30,  40,  50,  80  and  200 
meshes,  with  bottom  pan  and  cover. 

1  Set  6-  to  8-in.  Screens,  l}^,  1,  ^i,  }-i  and  >^  in. 

2  6-in.  Pointed  Trowels. 

2  6-  to  8-in.  Steel  Spatulas. 

2  Brushes. 

2  Or  more  Inspectors'  Armor  Asphalt  Thermometers. 

1  Roll  Pat  Test  Paper. 

The  above  equipment  must  be  of  standard  type  and  approved  by  the  Testing  Engineer. 
The  Contractor  shall  also  provide  a  field  laboratory  in  which  to  house  and  use  the  above 
equipment,  said  laboratory  to  be  not  less  than  ten  (10)  feet  wide,  twelve  (12)  feet  long  and 
seven  (7)  feet  high,  floored,  contain  not  less  than  two  windows  and  work  bench  with  the 
necessary  drawers;  this  laboratory  to  be  used  exclusively  for  testing  purposes  by  the  Con- 
tractor, Engineer  or  Inspector. 

Surface  Type  W.  B. 

75K.  WARRENITE-BITULITHIC 

Bituminous  Concrete 

One  Course 

1.  Definition. 

A  bituminous  concrete  pavement  is  defined  as  one  which  is  composed  of  clean  stone, 
bituminous  sand  and  a  mineral  filler,  bound  together  with  bituminous  cement. 

2.  Thickness  and  Weight. 

This  pavement  shall  be  laid  in  one  course.  The  completed  pavement  after  the  sealing 
mixture  has  been  blended  therewith  at  the  top  of  the  mass  must  have  an  average  thickness 
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of  not  less  than  two  (2)  inches  after  ultimate  compression,  and  shall  not  be  less  than  one  and 
three-quarter  (1^:4)  inches,  nor  more  than  two  and  one-half  (23^^)  inches  thick  at  any  point, 
and  shall  have  an  average  weight  of  not  less  than  two  hundred  and  fifty  (250)  pounds  per 
square  yard  of  surface  exclusive  of  any  liquid  bituminous  squeegee  coat  used. 

3.  Materials  Required. 

This  pavement  shall  be  prepared  from  the  following  ingredients:     Trap  rock,  dolomite 

or ,  bituminous  sand,  mineral  filler  and  asphaltic  cement  Grade  NA^,  LM^, 

CM2  or 

These  materials  shall  comply  with  the  requirements  given  therefor  in  Articles  92,  95-A 
and  99. 

4.  COMPCSITION. 

The  finished  pavement,  exclusive  of  any  bituminous  sealing  mixture  applied,  shall  not 
vary  in  composition  more  than  the  limits  given  below:  ^  — 


Screens  and  sieves 

/ 

Type  of  openings 

Minimum, 

Maximum, 

per  cent 

per  cent 

Passing 

Retained  on 

Ij^in. 

1-in. 

circular 

0.0 

15.0 

1-in. 

H-in. 

circular 

30.0 

50.0 

l^-in. 

M-iu. 

circular 

10.0 

25.0 

H-in. 

10-mesh 

square 

5.0 

15.0 

10 

30-mesh 

square 

5.0 

15.0 

30 

80-mesh 

square 

12.0 

22.0 

80 

200-mesh 

square 

3.0 

8.0 

200-mesh 

square 

3.0 

8.0 

Total  stone  content — Retained  on  10-mesh 
Bitumen  content  (when  stone  content  is  55 

sieve 

55.0 
6.0 

75.0 

.0  to  65.0  per  cent.) 

8.0 

Bitumen  content  (when  stone  content  is  65.0  to  75.0  per  cent.) 

5.5 

7.5 

5.  E.STiMATiNG  Ingredients. 

The  proportions  of  the  different  ingredients  required  to  prepare  the  pavement  shall  be 
determined  by  weight.  The  pavement  must  not  vary  in  composition  more  than  the 
specified  limits  given. 

The  bitumen  content  is  based  upon  the  finished  pavement,  exclusive  of  any  mineral  or 
bituminous  surface  coating  applied.  The  exact  amount  of  mineral  filler  and  asphaltic 
cement  to  use  between  the  limits  defined  herein  shall  be  determined  bj'  the  Testing  Engineer. 
In  calculating  the  percentages  of  the  various  sizes  of  ingredients  of  which  the  mineral 
aggregate  is  composed,  the  bitumen  is  included.  The  actual  amount  of  paving  mixture 
used  shall  be  estimated  from  the  railroad  shipping  weight.s  of  the  ingredients  used,  batches 
of  paving  mixture  prepared  and  used,  or  loads  delivered  and  laid. 

6.  Preparation. 

The  quantity  of  ingredients  used  per  batch  in  the  preparation  of  the  paving  mixture 
must  be  accurately  determined  by  either  weight  or  measurement,  depending  upon  the  type 
of  plant  and  kind  of  material  being  used.  In  either  case  the  devices  used  in  measuring  these 
ingredients  must  be  standardized  whenever  so  requested,  also  the  manner  in  which  these 
devices  are  used  shall  be  demonstrated  and  the  quantity  of  material  thus  secured  verified, 
whenever  so  ordered  by  the  Inspector  or  Engineer.  The  plant  used  in  preparing  the 
paving  mixtures  shall  comply  with  the  requirements  given  below. 

The  mineral  filler  should  be  so  cast  into  the  mixing  chamber  that  it  is  evenly  distributed 
over  the  surface  of  the  aggregate  and  not  dumped  in  one  end  of  the  mixing  chamber.  The 
asphaltic  cement  should  also  be  added  slowly  in  a  thin  sheet  the  full  width  of  the  mixing 
chamber.  If  the  filler  and  asphaltic  cement  are  not  added  in  this  manner,  the  time  required 
to  produce  a  uniform  paving  mixture  will  be  two  (2)  or  more  minutes  per  batch,  otherwise, 
from  one  (1)  to  one  and  one-half  (1^)  minutes  will  be  sufficient. 
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The  mineral  aggregate,  when  coated  with  the  bitumen,  must  have  a  temperature  of  not 
less  than  two  hundred  seventy-five  (275)  degrees  F.  nor  more  than  three  hundred  fifty 
(350)  degrees  F.  The  bitumen,  when  applied  to  the  aggregate,  must  have  a  temperature 
of  not  less  than  two  hundred  fifty  (250)  degrees  F.  nor  more  than  three  hundred  fifty  (350) 
degrees  F.,  and  must  be  free  from  unmelted  lumps. 

In  preparing  the  bituminous  paving  mixture  the  sand  and  stone  shall  first  be  placed  in 
the  mixing  chamber,  after  which  the  mineral  filler  shall  be  added  and  thoroughly  mixed 
with  the  sand  and  stone.  The  asphaltic  cement  shall  then  be  added  and  the  mixing  con- 
tinued until  a  bituminous  mixture  is  secured  that  is  uniform  and  homogeneous  in  com- 
position and  all  the  particles  of  the  aggregate  are  uniformly  and  completely  coated  with  the 
hot  asphaltic  cement.     The  mineral  filler  may  be  added  cold,  but  must  be  dry. 

7.  Hauling  and  Handling. 

The  paving  mixture  must  be  kept  clean  during  hauling  and  handling  and  covered  during 
transit  with  canvas  or  other  materials  which  will  retain  their  temperature.  The  mixture 
must  not  be  hauled  such  a  distance  that  segregation  of  the  ingredients  takes  place  or  that  a 
crust  is  formed  on  the  surface,  bottom  or  sides  of  said  mixture  which  has  a  temperature  lower 
than  that  required.  These  mixtures  must  not  be  dumped  any  faster  than  they  can  be 
properly  handled  by  the  shovelers  nor  at  such  a  rate  that  over  six  (6)  tons  of  paving  mixture 
are  upon  the  platforms  at  the  same  time.  They  must  be  spread  immediately  after  being 
dumped  and  must  be  kept  perfectly  clean  until  spread.  Any  part  of  the  paving  mixture 
which  becomes  dirty  or  chilled  below  the  required  temperature  must  be  rejected.  All 
paving  mixture  must  be  carefully  removed  from  the  spot  upon  which  it  was  placed  before 
any  additional  paving  mixture  is  placed  thereon. 

The  paving  mixture  when  dumped  on  the  platforms  must  have  a  temperature  between 
275°F.  and  350°F.  Any  portions  of  the  mixture  that  becomes  chilled  below  250°F.  before 
being  spread  shall  be  discarded. 

These  paving  mixtures  may  be  dumped  direct  on  a  concrete  foundation,  but  when  the 
foundation  is  macadam  or  telford  they  shall  be  dumped  on  metal  or  wooden  platforms  which 
must  be  of  such  size  that  the  paving  mixture  will  not  fall  off  when  dumped  thereon  or  work 
off  during  spreading.  However,  each  load  of  paving  mixture  must  be  dumped  outside  of 
the  area  over  which  it  will  be  spread. 

All  vehicles  used  in  transporting  paving  mixtures  must  have  tight-fitting  bottoms  which 
will  hold  hot,  thin  mixtures  without  leaking.  When  motor  trucks  are  used  the  bodies 
should  be  insulated  for  long  hauls  during  cold  weather  so  that  the  paving  mixtures  adjacent 
the  ends  and  sides  will  not  become  chilled  during  transit.  All  motor  trucks  used  for  this 
purpose  must  have  dump  bodies  that  will  permit  the  rapid  unloading  of  the  mixture.  The 
inside  surface  of  these  bodies  should  be  oiled  just  before  loading.  However,  only  sufficient 
of  this  oil  shall  be  used  to  coat  the  surface.  No  pools  of  oil  must  appear  in  the  bottom  of 
the  truck. 

8.  Spreading  and  Raking. 

Immediately  after  a  paving  mixture  has  been  dumped  upon  the  platform  it  shall  be 
deposited  at  once  upon  the  foundation  with  hot  shovels  in  such  a  manner  that  any  segre- 
gation of  the  ingredients  or  irregularities  in  composition  will  be  eliminated  as  much  as 
possible. 

During  spreading  and  raking  the  workmen  must  not  walk  over  or  stand  on  the  paving 
mixture  except  when  necessary  to  correct  irregularities  in  the  initial  raking.  The  paving 
mixture  shall  not  be  spread  any  faster  than  it  can  be  properly  handled  by  the  rakers. 

Special  care  must  be  used  in  spreading  and  raking  the  wearing  surface  and  sealing  coat 
mixtures  if  porous  spots,  depressions  or  projections  are  to  be  eliminated.  For  this  purpose 
the  Contractor  shall  employ  not  less  than  three  (3)  rakers  for  each  one  hundred  fifty  (150) 
square  yards  of  surface  pavement  laid  per  hour.  Additional  rakers  must  be  employed 
when  a  greater  quantity  of  pavement  is  being  laid  per  hour. 

Whenever  the  pavement  is  laid  along  side  of  brick  or  concrete  gutters,  street  car  tracks, 
man-hole  heads  or  liners,  the  finished  surface  adjacent  to  them  shall  be  left  one-quarter  ()-^) 
of  an  inch  high  in  order  to  provide  for  subsequent  compression  by  traffic  and  to  avoid 
depressions  which  would  otherwise  be  liable  to  occur  at  these  points. 

9.  Bituminous  Mortar  Seal  Coat. 

The  pavement  shall  be  sealed  with  a  hot  bituminous  mortar,  prepared  and  applied  as 
herein  required. 
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(a)    Composition. 

The  sealing  mixture  must  be  prepared  and  hauled  in  the  same  manner  as  the  paving 
mixture.  It  shall  be  composed  of  an  aggregate  similar  in  character  to  that  used  in  the 
main  paving  mixture,  but  which  will  all  pass  a  one-quarter  (3^^)  of  an  inch  screen,  and  con- 
tain from  nine  (9)  to  twelve  (12)  per  cent  of  asphalt  cement. 

The  portion  of  aggregate  passing  ten  (10)  mesh  sieve  when  considered  separately  from 
the  remainder  of  the  aggregate  shall  meet  the  following  screen  test: 

Passing  10-mesh  retained  on  30-mesh 10  35 

Passing  30-mesh  retained  on  80-mesh 25  50 

Passing  80-mesh  retained  on  200-mesh 15  40 

Passing  200 5  15 

{b)    Application. 

The  hot  bituminous  mortar  seal  coat  shall  be  applied  immediately  after  the  surface 
paving  mixture  has  been  properly  spread  and  raked  to  the  required  thickness  and  grade  and 
before  it  has  had  time  to  cool  or  has  received  any  compaction  which  will  prevent  the  essential 
blending  and  bonding  of  the  two  mixtures.  This  bituminous  mortar  shall  be  spread  in  a 
uniform  layer,  using  from  thirty  (30)  to  fifty  (50)  pounds  per  square  yard  of  surface  covered. 
After  being  spread,  it  shall  be  immediately  smoothed  off  with  rakes  and  additional  mortar 
added  on  any  lean  or  low  spots  that  appear.  After  this  mortar  has  been  properly  spread 
and  raked,  the  pavement  shall  be  rolled  at  once  and  the  rolling  continued  until  all  roller 
marks  disappear  and  the  surface  has  the  required  crown,  solidity,  density  and  finish. 

10.  Rolling. 

The  rolling  shall  be  done  with  a  ten  (10)  to  twelve  (12)  ton  three-wheel  power  roller,  the 
wheels  of  which  must  be  kept  clean  and  oiled  at  all  times.  No  water  shall  be  applied  to  the 
wheels  of  the  roller. 

During  the  initial  rolling  the  roller  shall  travel  parallel  to  the  axis  of  the  pavement, 
beginning  at  each  edge  and  working  towards  the  center.  Subsequent  rolling  shall  be  both 
diagonal  and  parallel  to  the  pavement  axis.  The  roller  must  not  pass  off  the  hot  paving 
mixture  during  rolling  nor  stand  on  the  completed  pavement  which  has  not  cooled  to  normal 
temperature.  Ashes,  coal,  dirty  water  or  grease  must  not  be  allowed  to  drop  from  the 
roller  onto  the  pavement. 

If  it  is  found  that  porous  or  rough  spots  appear  on  the  surface  of  the  pavement  after 
rolling  the  quantity  of  mortar  used  must  be  increased  and  the  raking  and  rolling  so  done 
that  these  spots  will  not  appear.  In  case  it  is  found  that  the  pavement  adheres  to  the 
roller  during  final  rolling,  a  thin  coating  of  Portland  cement  shall  be  sprinkled  over  the 
surface  to  facilitate  rolling.  However,  this  Portland  cement  coating  shall  not  be  spread  on 
any  place  where  porous  or  rough  spots  appear  on  the  surface. 

11.  Surface  Finish. 

The  surface  of  the  finished  pavements  must  substantially  conform  to  the  grade  and 
contour  specified  and  shall  be  free  from  depressions  or  projections  which  are  one-quarter 
(/-^)  of  an  inch  above  or  below  the  established  grade  as  determined  by  a  straight  edge, 
five  (5)  feet  in  length,  laid  parallel  to  the  axis  of  the  road.  It  must  be  uniform  in  density 
and  composition,  thoroughly  bonded  together  and  water  tight,  and  be  free  from  porous 
or  rough  spots  that  will  remain  wet  after  the  balance  of  the  surface  is  dry.  Such  portions  of 
the  completed  pavement  as  are  defective  in  finish,  or  that  do  not  comply  in  all  respects  with 
the  requirements  of  these  specifications  shall  be  taken  up,  removed  and  replaced  with 
suitable  material,  properly  made  and  laid  in  accordance  with  the  requirements  of  these 
specifications  at  the  expense  of  the  Contractor.  Whenever  so  ordered  by  the  Engineer  a 
space  of  twelve  (12)  inches  in  width  adjacent  to  the  curb  shall  be  coated  with  hot  asphaltic 
cement  which  shall  be  ironed  into  the  pavement  with  smoothing  irons.  The  cement  used 
for  this  purpose  shall  be  the  same  as  that  used  in  preparing  the  paving  mixture. 

12.  Joints. 

The  paving  shall  be  so  done  that  the  number  of  joints  required  shall  be  reduced  to  a 
minimum.  When  a  rope  joint  is  not  used  the  edges  of  the  previously  laid  pavement  shall 
be  cut  off  in  a  straight  line  far  enough  back  from  the  edge  to  insure  that  the  wearing  surface 
has  the  required  thickness.  The  cut  shall  be  made  at  a  slight  angle  to  the  pavement  sur- 
face and  present  a  smooth  unbroken  edge.  The  face  of  the  joint  shall  be  painted  with 
bituminous  cement,  after  which  the  hot  bituminous  mixture  shall  be  raked  over  it  to  the 
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proper  depth.  Hot  smoothers  or  tampers  shall  be  carefully  employed  in  such  manner  as 
to  insure  the  proper  bond  between  the  two  (2)  paving  mixtures  without  burning  or  injuring 
either.  The  finished  joint  must  be  on  the  same  plane  as  the  adjacent  finished  pavement 
surface.  Joints  which  are  above  or  below  the  general  plane  of  the  pavement  must  be 
brought  to  the  proper  grade  or  remade. 

The  faces  of  all  curbs  and  gutters,  iron  castings  or  other  objects  projecting  through  the 
pavement  shall  be  painted  with  hot  bituminous  cement  before  the  adjoining  mixture  is 
laid.  The  adjacent  paving  mixture  shall  be  compressed  by  ramming  with  hot  tampers 
when  the  required  compression  cannot  be  secured  with  the  roller. 

13.  Foundation,  Condition  of. 

The  foundation  when  a  bituminous  pavement  is  applied  thereon,  must  be  dry,  clean, 
free  from  all  frost,  and  have  a  temperature  above  32°F.  at  the  point  where  the  paving  mix- 
ture is  being  laid.  It  must  substantially  conform  to  the  grade,  and  crown  specified,  and 
comply  with  the  requirements  given  for  the  type  of  foundation  being  used.  When  a 
foundation  is  in  the  proper  condition  to  receive  a  paving  mixture  it  must  be  protected  from 
all  travel  that  will  injure,  deface  or  carry  foreign  material  upon  it. 

14.  Edge  Protectors. 

When  the  edges  of  pavements  are  not  protected  by  a  concrete  or  stone  curb  or  header, 
four  (4)  to  six  (6)  inch  planks  of  the  same  thickness  as  the  finished  pavement  must  be  used 
for  this  purpose,  which  shall  be  firmly  secured  and  left  in  place  until  the  pavement  has  been 
properly  rolled  and  thoroughly  set. 

15.  Construction  Season. 

The  pavement  shall  be  laid  between  the  first  day  of  May  and  the  first  day  of  December, 
unless  written  permission  is  secured  from  the  Department  to  lay  pavement  at  any  other 
time.  No  pavement  shall  be  laid  when  it  is  raining  or  when  the  atmospheric  temperature 
is  below  32°F.,  or  when  the  weather  is  such  as  to  make  it  very  difficult  to  lay  the  paving 
mixture  in  a  manner  which  will  permit  the  proper  density  and  surface  finish  being  secured. 

16.  Workmen. 

The  workmen  employed  by  the  Contractor  mvist  have  sufficient  experience  in  the 
preparation  of  bituminous  paving  mixtures  and  the  construction  of  bituminous  pavements 
to  be  able  to  operate  the  equipment  in  such  a  manner  that  the  pavement  produced  will  have 
the  required  composition,  density  and  surface  finish.  The  men  operating  the  mixing  plant, 
the  spreaders,  rakers  and  roller  men  must  show  by  the  work  completed  that  they  have 
had  the  necessary  experience  and  are  making  the  proper  effort  to  execute  the  work  in 
the  manner  required  by  these  specifications.  Otherwise,  their  services  will  have  to  be 
dispensed  with  by  the  Contractor. 

17.  Plant  and  Equipment. 

The  plant  used  in  preparing  all  bituminous  paving  mixtures  must  be  of  the  batch  type, 
capable  of  mixing  in  the  manner  herein  specified  not  less  than  ten  (10)  tons  of  the  paving 
mixture  for  each  mixer  per  hour,  and  must  be  provided  with  separate  chambers  for  heating 
and  mixing  the  ingredients.  No  direct  heat  except  steam  shall  be  applied  to  the  exterior 
surface  of  the  mixing  chamber  or  flame  through  the  same.  The  aggregate  shall  be  heated 
in  a  revolving  kiln.  The  heat  must  be  so  regulated  that  the  aggregate  can  easily  be  heated 
to  and  maintained  at  the  required  temperature.  The  temperature  of  the  uncoated 
heated  aggregate  when  screened  shall  be  determined  by  an  electric  pyrometer,  so  placed  at 
the  discharge  chute  of  the  dryer  as  to  register  automatically  the  temperature  thereof. 

All  mixing  plants  which  do  not  dry  and  heat  the  aggregate  in  unit  batches  must  be 
equipped  with  a  twin-pug  mixer,  rotary  screen,  storage  bins,  hopper  and  scales. 

The  rotary  screen  must  separate  the  aggregate  into  at  least  four  sizes  and  the  openings 
must  vary  from  a  minimum  screen  opening  of  about  one-tenth  {}io)  inch  to  a  maximum 
opening  about  one  and  one-fourth  (}i,)  inch.  The  openings  in  the  successive  screen 
sections  up  to  one-half  (3-2)  inch  size  shall  not  vary  more  than  one-quarter  {/-i,)  inch  and 
not  more  than  three-quarter  i^i^)  inch  for  the  sizes  larger  than  one-half  (J-a)  inch. 

The  effective  screening  area  of  each  size  screen  section  shall  be  at  least  twenty-eight  (28) 
square  feet  and  the  screens  shall  be  so  arranged  that  the  smallest  mesh  screen  section  shall 
not  receive  any  portion  of  the  aggregate  except  that  which  will  pass  through  either  the 
smallest  mesh  screen  or  the  next  larger  mesh  screen. 

The  main  bin  into  which  the  hot  screened  aggregate  falls  must  be  divided  to  correspond 
to  the  different  sized  openings  in  the  rotary  screen,  and  be  so  arranged  that  the  aggregate 
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from  each  size  screen  will  pass  into  its  respective  bin  without  getting  into  the  adjacent  sub- 
bins.  Each  sub-bin  must  be  provided  with  an  overflow  that  will  prevent  excess  material 
being  accumulated  in  any  one  sub-bin.  An  overflow  must  also  be  provided  to  prevent  all 
material  larger  than  that  permitted  to  be  used  in  the  pavement  under  construction  from 
falling  into  any  of  the  bins. 

Each  sub-bin  must  have  a  separate  outlet  with  a  gate  at  the  bottom,  and  so  arranged 
that  any  definite  quantity  of  aggregate  can  be  drawn  therefrom.  The  hopper  into  which 
the  hot  aggregate  is  drawn  must  rest  upon  a  set  of  scales  so  arranged  that  any  definite 
weight  of  material  can  be  weighed  out  of  each  sub-bin. 

The  mixer  must  be  capable  of  holding  and  properly  mixing  at  least  a  one  thousand 
(1,000)  pound  batch  of  paving  mixture.  Each  plant,  regardless  of  the  type  of  mixer  used, 
must  have  at  least  two  asphalt  kettles  holding  not  less  than  six  hundred  (600)  gallons  each, 
and  an  asphalt  thermometer  for  use  therewith.  The  heat  must  be  applied  to  these  kettles 
in  such  a  manner  that  the  asphalt  cement  will  be  uniformly  heated  without  being  burned 
or  decomposed. 

The  asphalt  carrier  used  to  measure  and  apply  the  asphalt  cement  must  be  balanced 
upon  a  set  of  scales.  It  shall  be  so  arranged  that  the  asphalt  cement  can  be  easily  and 
quickly  weighed  and,  in  case  of  twin  pug  mixer,  poured  in  a  thin  sheet  between  the  two 
lines  of  paddles  the  full  width  of  the  mixer. 

When  a  squeegee  distributor  is  required  to  be  used,  it  must  be  designed  for  this  particular 
purpose.     All  equipment  and  methods  used  in  the  preparation  and  construction  of  the 
pavement  must  be  approved  by  the  Engineer  before  being  used  on  this  contract. 
18.  Field  Laboratory. 

The  Contractor  shall  provide  and  keep  in  good  order  at  the  plant  the  following  testing 
equipnaent  which  may  be  used  by  the  Engineer  or  Inspector. 

1  Penetration  Machine  Complete  with  Dishes,  Thermometer,  Needles,  Stop  Watch,  etc. 

1  Laboratory  Sand  Scale,  500-gr.  capacity. 

1  Set  6-  to  8-in.  Sieves,  containing  the  following:  Sizes  10,  20,  30,  40,  50,  SO  and  200 
meshes,  with  bottom  pan  and  cover. 

1  Set  6-  to  8-in.  Screens,  13^:4,  1.  ^i,  /-^  and  3^4  in. 

2  6-in.  Pointed  Trowels. 

2  6-  to  8-in.  Steel  Spatulas. 

2  Brushes. 

2  Or  more  Inspectors'  Armor  Asphalt  Thermometers. 

1  Roll  Pat  Test  Paper. 

The  above  equipment  must  be  of  standard  type  and  approved  by  the  Testing  Engineer. 
The  Contractor  shall  also  provide  a  field  laboratory  in  which  to  house  and  use  the  above 
equipment,  said  laboratory  to  be  not  less  than  ten  (10)  feet  wide,  twelve  (12)  feet  long  and 
seven  (7)  feet  high,  floored,  contain  not  less  than  two  windows  and  work  bench  with  the 
necessary  drawers;  this  laboratory  to  be  used  exclusively  for  testing  purposes  by  the 
Contractor,  Engineer  or  Inspector. 

Surface  Type  A 

75L.  AMIESITE 

Bituminous  Concrete 

Two  Course 

1.  Definition. 

A  bituminous  concrete  pavement  is  defined  as  one  which  is  composed  of  clean  stone, 
bituminous  sand  and  a  mineral  filler,  bound  together  with  bituminous  cement. 

2.  Thickness  and  Weight. 

This  pavement  shall  be  laid  in  two  (2)  courses;  the  bottom,  or  binder  course,  and  the 
top,  or  wearing  course,  in  the  ratio  of  not  less  than  two  (2)  nor  more  than  three  (3)  parts 
of  bottom  course  as  one  (1)  part  of  top,  by  weight.  The  finished  pavement  must  be  not 
less  than  two  (2)  nor  more  than  three  (3)  inches  thick  at  any  point  after  ultimate  com- 
pression, and  weigh  not  less  than  two  hundred  and  fifty  (250)  pounds  per  square  yard  of 
surface.  The  thickness  of  the  top  course  must  be  sufficient  to  completely  cover  the  bottom 
course,  and  also  to  eliminate  any  inequalities  in  the  binder  surface.  However,  in  no  case 
shall  it  be  laid  over  one  (1)  inch  thick  after  compression. 
23 
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3.  Materials  Required. 

The  pavement  shall  be  prepared  from  the  following  ingredients:  trap  rock,   dolomite  or 

,  and  stone  dust,  Grade  A,  hydrated  lime,  and  bituminous  cement,    Grade 

NA^  LM^,  T^  CM^  or 

These  materials  shall  comply  with  the  requirements  therefor  as  defined  in  Articles  92 
and  99. 

4.  Composition. 

The  finished  pavement  must  not  vary  in  composition  more  than  the  limits  given  below: 


Screens  and  sieves 

Bottom  course 

Top  course 

Type  of 

Passing 

Retained  on 

openings 

Minimum, 
per  cent 

Maximum, 
per  cent 

Minimum, 
per  cent 

Maximum, 
per  cent 

2-in. 

1-in. 

Circular 

40.0 

70.0 

1-in. 

H-in. 

Circular 

25.0 

35.0 

20.0 

K-in. 

H-in. 

Circular 

0.0 

10.0 

40.0 

55.0 

H-in. 

10-mesh 

Square 

3.0 

8.0 

15.0 

30.0 

10 

30-mesh 

Square 

4.0 

8.0 

8.0 

15.0 

30 

80-mesh 

Square 

3.0 

6.0 

3.0 

8.0 

80 

200-mesh 

Square 

2.0 

7.0 

2.0 

6.0 

200-mesh 

Filler 

Square 

2.0 

6.0 

4.0 

8.0 

Total  stone  oontent — retaine 

d  on  10-mesh 

70.0 

95.0 

65.0 

85.0 

Bitumen  cont 

;nt      

3.0 

5.0 

5.5 

8  0 

5.  Estimating  Ingredients. 

The  proportions  of  the  different  ingredients  required  to  prepare  the  pavement  shall  be 
determined  by  weight.  The  pavement  must  not  vary  in  composition  more  than  the 
specified  limits  given. 

The  bitumen  content  is  based  upon  the  finished  pavement,  exclusive  of  any  mineral  or 
bituminous  surface  coating  applied.  The  exact  amount  of  mineral  filler  and  asphaltic 
cement  to  use  between  the  limits  defined  herein  shall  be  determined  by  the  Testing  Engineer. 
In  calculating  the  percentages  of  the  various  sizes  of  ingredients  of  which  the  mineral 
aggregate  is  composed,  the  bitumen  is  included.  The  actual  amount  of  paving  mixture 
used  shall  be  estimated  from  the  railroad  shipping  weights  of  the  ingredients  used,  batches 
of  paving  mixture  prepared  and  used,  or  loads  delivered  and  laid. 

6.  Preparation. 

The  quantity  of  ingredients  used  per  batch  in  the  preparation  of  the  paving  mixture 
must  be  accurately  determined  by  either  weight  or  measurement,  depending  upon  the  type 
of  plant  and  kind  of  material  being  used.  In  either  case  the  devices  used  in  measuring 
these  ingredients  must  be  standardized  whenever  so  requested,  also  the  manner  in  which 
these  devices  are  used  shall  be  demonstrated  and  the  quantity  of  material  thus  secured 
verified,  whenever  so  ordered  by  the  Inspector  or  Engineer.  The  plant  used  in  preparing 
the  paving  mixtures  shall  comply  with  the  requirements  given  below. 

The  mineral  filler  should  be  so  cast  into  the  mixing  chamber  that  it  is  evenly  distributed 
over  the  surface  of  the  aggregate  and  not  dumped  in  one  end  of  the  mixing  chamber.  The 
asphaltic  cement  should  also  be  added  slowly  in  a  thin  sheet  the  full  width  of  the  mixing 
chamber.  If  the  filler  and  asphaltic  cement  are  not  added  in  this  manner,  the  time  required 
to  produce  a  uniform  paving  mixture  will  be  two  (2)  or  more  minutes  per  batch,  otherwise, 
from  one  (1)  to  one  and  one-half  (iJi)  minutes  will  be  sufficient. 

The  mineral  aggregate  must  be  perfectly  dry  when  coated  and  have  a  temperature  of  not 
less  than  60°F.  nor  more  than  125°F.  The  bitumen,  when  applied  to  the  aggregate,  must 
have  a  temperature  of  not  less  than  250°F.  nor  more  than  350°F.,  and  must  be  free  from 
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unmelted  lumps.     From  three  (3)  to  five  (5)  pounds  of  hydrated  lime  shall  be  used  for  each 
ton  of  paving  mixture  prepared. 

In  preparing  the  paving  mixture  for  both  the  top  and  bottom  courses,  the  stone  and 
sand  shall  first  be  placed  in  the  mixing  chamber,  after  which  some  liquefier  shall  be  added, 
and  as  soon  as  the  aggregate  is  coated  therewith  the  asphaltic  cement  shall  be  added. 
More  liquefier  shall  then  be  added  and  the  mixing  continued  until  the  aggregate  is  com- 
pletely coated  with  the  asphaltic  cement.  The  hydrated  lime  shall  then  be  added,  and 
more  liquefier,  if  necessary,  to  secure  the  proper  distribution  of  the  asphaltic  cement. 
The  mixing  shall  continue  until  all  particles  of  the  aggregate  are  completely  and  uniformly 
coated  with  the  asphaltic  cement. 

The  paving  mixture,  when  properly  prepared,  must  be  uniform  in  composition,  free 
from  lumps  or  balls  containing  an  excessive  quantity  of  bitumen,  from  material  containing 
less  bitumen  than  that  required,  and  not  show  evidence  of  the  improper  application  of  the 
liquefier.  The  above  mixture  shall  not  be  laid  sooner  than  twenty-four  (24)  hours  nor 
later  than  fourteen  (14)  days  after  preparation,  unless  written  permission  is  secured  from 
the  Engineer  to  lay  the  same  before  or  after  these  intervals. 
7.  Hauling  and  Handling. 

The  paving  mixtures  must  be  kept  clean  during  hauling  and  handling.  These  mixtures 
must  not  be  dumped  any  faster  than  they  can  be  properly  handled  by  the  shovelers,  nor  at 
such  a  rate  that  over  six  (6)  tons  of  paving  mixture  are  upon  the  platforms  at  the  same 
time.  They  must  be  spread  immediately  after  being  dumped,  and  must  be  kept  perfectly 
clean  until  spread.  Any  part  of  the  paving  mixture  which  becomes  dirty  must  be  rejected. 
All  paving  mixture  must  be  carefully  removed  from  the  spot  upon  which  it  was  placed  before 
any  additional  paving  mixture  is  placed  thereon. 

These  paving  mixtures  may  be  dumped  direct  on  a  concrete  foundation,  but  when  the 
foundation  is  macadam  or  telford  they  shall  be  dumped  on  metal  or  wooden  platforms, 
which  must  be  of  such  size  that  the  paving  mixture  will  not  fall  off  when  dumped  thereon 
or  work  off  during  spreading.  The  wearing  surface  mixture  may  be  dumped  on  the  binder. 
However,  each  load  of  paving  mixture  must  be  dumped  outside  of  the  area  over  which  it 
will  be  spread. 

All  vehicles  used  in  transporting  paving  mixtures  must  have  tight-fitting  bottoms  which 
will  hold  hot,  thin  mixtures  without  leaking.  When  motor  trucks  are  used  the  bodies 
should  be  insulated  for  long  hauls  during  cold  weather  so  that  the  paving  mixtures  adjacent 
the  ends  and  sides  will  not  become  chilled  during  transit.  All  motor  trucks  used  for  this 
purpose  must  have  dump  bodies  that  will  permit  the  rapid  unloading  of  the  mixture.  The 
inside  surface  of  these  bodies  should  be  oiled  just  before  loading.  However,  only  sufficient 
of  this  oil  shall  be  used  to  coat  the  surface.  No  pools  of  oil  must  appear  in  the  bottom  of 
the  truck. 
8.  Spreading. 
(a)  Bottom  Course. 

The  paving  mixture  for  both  courses  must  have  a  temperature  of  not  less  than  50°r.  nor 
more  than  125°F.,  when  dumped  on  the  platforms  or  when  spread,  unless  written  permission 
is  secured  from  the  Engineer  to  lay  the  paving  mixture  when  it  has  a  lower  or  higher 
temperature  than  that  specified  above. 

The  bottom  course  shall  be  so  spread  upon  the  foundation  that  after  being  rolled  as 
herein  specified,  it  will  be  uniform  in  density  and  its  upper  surface  will  have  the  proper 
crown  and  be  parallel  to  the  grade  established  for  the  surface  of  the  finished  pavement. 

The  time  and  manner  of  rolling  shall  be  governed  by  the  condition  of  the  paving  mix- 
ture. If  the  paving  mixture  contains  enough  liquefier  to  be  soft  and  plastic  it  shall  not  be 
rolled  until  the  bitumen  has  hardened  sufficiently  to  give  the  pavement  the  necessary 
stability  when  properly  consolidated  by  rolling.  During  rainy  or  cold  weather  it  may 
require  twenty-four  (24)  hours  or  more  for  the  bitumen  to  cure  after  the  paving  mixture 
has  been  spread,  but  during  hot,  dry  weather  it  may  cure  sufficiently  in  from  six  (6)  to 
eight  (8)  hours. 

When  properly  cured  the  paving  mixture  shall  be  rolled.  The  initial  rolling  shall  be 
continued  until  the  desired  bond  between  the  ingredients  of  the  aggregate  is  secured  and 
any  porous  or  low  spots  disclosed.  Depressions  made  by  rolling  shall  be  filled  with  addi- 
tional material  and  rerolled  so  that  the  surface  of  this  bottom  course  will  be  of  a  uniform 
character  and  have  the  required  grade  and  crown. 
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After  being  spread  and  rolled  as  above  specified,  the  bottom  course  must  be  protected 
from  all  travel  and  kept  perfectly  clean  until  the  top  course  has  been  applied.  If  any 
part  of  this  course  shows  a  lack  of  bond,  becomes  loose  or  broken  up,  or  covered  with  mud, 
it  must  be  replaced  with  proper  material  laid  in  accordance  with  the  requirements  given 
herein.  If,  before  the  surface  course  is  applied,  it  becomes  coated  or  partly  coated  with 
dust,  the  part  thus  coated  must  be  swept  and  then  give  a  light  application  of  bituminous 
cement  Grade  K,  or  replaced  with  proper  material  as  the  Engineer  may  direct.  When  this 
bituminous  cement  is  used  it  must  be  allowed  to  cure  before  any  surface  course  is  applied  to 
the  bottom  course  thus  coated.  If  the  bottom  course  becomes  wet  before  it  can  be  covered, 
it  must  be  allowed  to  dry  before  the  surface  pavement  is  laid. 
ib)    Top  Course. 

After  the  bottom  course  has  been  spread  and  rolled  as  above  specified  it  shall  be  covered 
at  once  with  the  top  course.     This  course  shall  be  spread  in  a  uniform  layer  and  imme- 
diately rolled  until  it  shows  no  further  evidence  of  compressibility. 
9.  Rolling. 

The  initial  and  final  rolling  shall  always  be  done  with  10-  to  12-ton  three-wheel  power- 
driven  roller,  or  a  12-  to  15-ton  tandem  roller.  During  the  initial  rolling  the  roller  shall  travel 
parallel  to  the  axis  of  the  pavement,  beginning  at  each  edge  and  working  towards  the  center. 

Subsequent  rolling  shall  be  both  diagonal  and  parallel  to  the  axis  of  the  pavement. 
The  rolling  shall  be  continuous  at  the  rate  of  not  more  than  one  hundred  fifty  (150)  square 
yards  of  surface  per  hour  for  each  roller.  The  roller  must  not  pass  off  the  paving  mixture 
during  rolling  and  the  wheels  of  the  same  must  be  kept  clean  and  oiled  at  all  times.  No 
water  shall  be  applied  to  the  wheels  of  the  roller.  Ashes,  coal,  dirty  water  or  grease  must 
not  be  allowed  to  drop  from  the  roller  onto  the  pavement. 

If  porous  spots  or  spots  showing  compression  remain  after  rolling,  more  of  the  top 
course  must  be  added  at  such  points  and  firmly  rolled  into  place.  After  rolling  has  been 
finished  the  surface  of  the  top  course  must  have  the  required  crown,  density  and  thickness 
and  be  at  the  grade  established  for  the  surface  of  the  finished  pavement.  The  surface 
shall  then  be  covered  with  a  thin  coating  of  clean,  coarse  sand  or  stone  dust,  using  about 
five  (5)  pounds  per  square  yard.  After  this  coating  has  been  applied,  the  part  of  the  pave- 
ment thus  covered  must  be  open  to  travel. 

The  faces  of  the  curbs,  gutters,  iron  castings  and  other  objects  in  the  pavement  shall  be 
painted  with  bituminous  cement  Grade  K  before  the  above  mixture  is  placed  against  them. 
The  adjacent  paving  mixture  shall  be  compressed  by  tamping  when  it  is  impossible  to 
properly  compress  it  by  rolling. 

10.  Surface  Finish. 

The  surface  of  the  finished  pavement  must  be  even,  uniform,  free  from  bumps,  waves  or 
depressions  that  are  more  than  one-quarter  i}-^)  of  an  inch  below  or  above  the  general 
surface  of  the  pavement  as  determined  by  a  straight  edge  not  less  than  five  (5)  feet  in 
length,  laid  parallel  to  the  axis  of  the  pavement.  It  must  be  uniform  in  density  and  com- 
position, thoroughly  bonded  together,  water-tight,  and  have  the  grade  and  crown  specified 
or  shown  on  plans.  The  paving  mixture  must  be  so  spread,  raked  and  rolled  that  the  pave- 
ment surface  will  be  free  from  porous  or  rough  spots.  When  such  spots  appear  in  the 
surface  they  must  be  repaired  in  a  manner  satisfactory  to  the  Engineer  or  cut  out  and 
replaced  with  material  prepared  and  laid  as  herein  specified. 

Portions  of  the  completed  pavement  which  are  defective  in  finish,  compression  or  com- 
position, or  which  do  not  comply  in  all  respects  with  the  requirements  of  these  specifications, 
at  the  Contractor's  expense  shall  be  removed,  and  replaced  with  material  prepared  and  laid 
in  accordance  with  the  requirements  therefor  as  given  herein. 

11.  Foundation,  Condition  of. 

The  foundation,  when  a  bituminous  pavement  is  applied  thereon,  must  be  dry,  clean, 
free  from  all  frost,  and  have  a  temperature  above  32°F.  at  the  point  where  the  paving  mix- 
ture is  being  laid.  It  must  substantially  conform  to  the  grade  and  crown  specified,  and 
comply  with  the  requirements  given  for  the  type  of  foundation  being  used.  When  a 
foundation  is  in  the  proper  condition  to  receive  a  paving  mixture  it  must  be  protected  from 
all  travel  that  will  injure,  deface  or  carry  foreign  material  upon  it. 

12.  Edge  Protectors. 

When  the  edges  of  pavements  are  not  protected  by  a  concrete  or  stone  curb  or  header, 
four  (4)  to  six  (6)  inch  planks  of  the  same  thickness  as  the  finished  pavement  must  be  used 
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for  this  purpose,  which  shall  be  firmly  secured  and  left  in  place  until  the  pavement  has  been 
properly  rolled  and  thoroughly  set. 

13.  Construction  Season. 

The  pavement  shall  be  laid  between  the  first  day  of  May  and  the  first  day  of  December, 
unless  written  permission  is  secured  from  the  Department  to  lay  pavement  at  any  other 
time.  No  pavement  shall  be  laid  when  it  is  raining  or  when  the  atmospheric  temperature 
is  below  32°F.,  or  when  the  weather  is  such  as  to  make  it  very  difficult  to  lay  the  paving 
mixture  in  a  manner  which  will  permit  the  proper  density  and  surface  finish  being  secured. 

14.  Workmen. 

The  workmen  employed  by  the  Contractor  must  have  sufficient  experience  in  the 
preparation  of  bituminous  paving  mixtures  and  the  construction  of  bituminous  pavements  to 
be  able  to  operate  the  equipment  in  such  a  manner  that  the  pavement  produced  will  have 
the  required  composition,  density  and  surface  finish.  The  men  operating  the  mixing  plant, 
the  spreaders,  rakers  and  roller  men  must  show  by  the  work  completed  that  they  have 
had  the  necessary  experience  and  are  making  the  proper  effort  to  execute  the  work  in  the 
manner  required  by  these  specifications.  Otherwise,  their  services  will  have  to  to  be  dis- 
pensed with  by  the  Contractor. 

15.  Plant  and  Equipment. 

The  plant  used  in  preparing  the  bituminous  paving  mixtures  must  be  of  the  batch  type, 
capable  of  mixing  in  the  manner  herein  specified,  not  less  than  ten  (10)  tons  of  the  paving 
mixture  each  mixer  per  hour,  and  must  be  provided  with  separate  chambers  for  drying 
and  mixing  the  ingredients.  No  direct  heat  except  steam  shall  be  applied  to  the  exterior 
surface  of  the  mixing  chamber.  The  aggregate,  when  drying  is  required,  shall  be  heated 
in  revolving  kilns.  The  heat  must  be  so  regulated  that  the  aggregate  can  easily  be  heated  to, 
and  maintained  at,  the  required  temperature. 

All  mixing  plants  must  be  equipped  with  a  twin-pug  mixer,  rotary  screen,  storage  bins, 
hopper  and  scales.  The  screen  must  contain  the  size  openings  necessary  to  produce  a 
paving  mixture  of  the  composition  specified. 

The  mixer  must  be  capable  of  holding  and  properly  mixing  at  least  a  1,000-lb.  batch 
of  paving  mixture.  Each  plant,  regardless  of  the  type  of  mixer  used,  must  have  at  least 
two  asphalt  kettles  holding  not  less  than  six  hundred  (600)  gallons  each,  and  an  asphalt 
thermometer  for  use  therewith.  The  heat  must  be  applied  to  these  kettles  in  such  a  manner 
that  the  asphaltic  cement  will  be  uniformly  heated  without  being  burnt  or  decomposed. 

The  asphalt  carrier  used  to  measure  and  apply  the  asphaltic  cement  must  be  balanced 
upon  a  set  of  scales.  It  shall  be  so  arranged  that  the  asphaltic  cement  can  be  easily  and 
quickly  weighed  and  poured  in  a  thin  sheet  between  the  two  lines  of  paddles  and  for  the 
full  width  of  the  mixer. 

When  a  squeegee  distributor  is  required  to  be  used  it  must  be  designed  for  this  particular 
purpose.     All  equipment  and  methods  used  in  the  preparation  and  construction  of  the 
pavement  must  be  approved  by  the  Engineer  before  being  used  on  this  contract. 
16.  Field  Laboratory. 

The  Contractor  shall  provide  and  keep  in  good  order  at  the  plant  the  following  testing 
equipment  which  may  be  used  by  the  Engineer  or  Inspector. 

1  Penetration  Machine  complete  with  Dishes,  Thermometer,  Needles,  Stop  Watch,  etc. 

1  Laboratory  Sand  Scale  500-gr.  capacity. 

1  Set  6-  to  8-in.  Sieves,  containing  the  following:  Sizes  10,  20,  30,  40,  50,  80,  and  200 
meshes,  with  bottom  pan  and  cover. 

1  Set  6-  to  8-in.  Screens,  l}i,  1,  ^i,  >^  and  }i  in. 

2  6-in.  Pointed  Trowels. 

2  6-  to  8-in.  Steel  Spatulas. 

2  Brushes. 

2  Or  more  Inspectors'  Armor  Asphalt  Thermometers. 

1  Roll  Pat  Test  Paper. 

The  above  equipment  must  be  of  standard  type  and  appi'oved  by  the  Testing  Engineer. 
The  Contractor  shall  also  provide  a  field  laboratory  in  which  to  house  and  use  the  above 
equipment,  said  laboratory  to  be  not  less  than  ten  (10)  feet  wide,  twelve  (12)  feet  long  and 
seven  (7)  feet  high,  floored,  contain  not  less  than  two  windows  and  work  bench  with  the 
necessary  drawers;  this  laboratory  to  be  used  exclusively  for  testing  purposes  by  the 
Contractor,  Engineer  or  Inspector, 
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BRICK  PAVEMENTS 

All  readers  are  familiar  in  a  general  way  with  the  character  of  brick 
pavements;  they  are  merely  specially  hard  well-manufactured  brick 
set  on  either  a  cement  sand,  bituminous  sand  or  sand  cushion  and  the 
joints  between  the  brick  filled  with  cement  grout,  bituminous  filler  or 
in  unusual  conditions  plain  sand.  The  foundation  for  the  brick  surfaces 
is  generally  cement  concrete  ranging  in  depth  from  5  to  8  in.  In  some 
cases,  firm  macadam  foundations  can  be  utilized  to  advantage  in  place 
of  the  cement  concrete  base.  Specifications,  page  370,  describe  construc- 
tion operation  in  detail. 


Fig.   141. — Modern  rural  brick  highway.     State  of  Ohio. 


Brick  pavements  are  satisfactory  for  the  heavier  Class  I  traffic  roads. 
They  have  been  used  extensively  for  city  pavements  and  for  a  consider- 
able mileage  of  primary  State  Highways.  The  economy  of  their 
use  depends  largely  on  the  location  of  the  road  in  relation  to  the  brick 
manufacturing  plant  as  the  item  of  freight  has  of  late  years  been  the 
cause  of  a  serious  curtailment  of  the  use  of  this  type.  There  have  been 
cases  where  brick  roads  close  to  brick  plants  cost  about  as  much  as  at 
greater  distances  but  this  is  an  artificial  condition  due  to  lack  of  competi- 
tion and  manipulation  of  sale  price  which  is  hable  to  develop  with  any 
material.  Well-manufactured  paving  brick  is  an  excellent  surfacing 
material  as  the  pavement  is  pleasing  in  appearance  having  a  warm  neu- 
tral tone;  it  is  a  safe  surface  for  high-speed  travel;  it  absorbs  very  little 
moisture  and  has  no  tendency  to  push  into  humps  or  waves.     For  rural 
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highway  conditions,  however,  the  initial  cost  is  usually  so  much  higher 
than  other  acceptable  types  that  it  is  rarely  selected  on  the  score  of 
economy  under  moderate  traffic  and  where  it  is  used  (largely  for  portions 
of  rural  roads  passing  through  village  business  streets)  the  selection  is 
based  on  the  factors  of  extremely  heavy  traffic,  appearance  and  local 
preference  for  the  type.  It  seems  a  pity  that  such  an  excellent  material 
has  been  so  badly  handicapped  by  freights  and  by  an  adherence  to  a 
form  of  brick  which  may  perhaps  be  modified  to  advantage  for  rural 
highway  conditions.  The  size  of  the  highway  program  ahead  of  us 
demands  the  use  of  all  available  materials  and  clay  products  are  so  widely 
distributed  that  it  seems  ridiculous  not  to  make  more  use  of  this  excellent 
material.  Some  attempts  have  been  made  to  modify  brick  pavement 
practice  to  make  it  more  applicable  for  the  ordinary  rural  road.  These 
attempts  have  not  been  entirely  successful  but  show  sufficient  promise  to 
warrant  more  serious  consideration  of  modifications  in  practice.  One 
method  is  described  on  page  382. 

Standard  brick  pavements  including  base  cost  for  initial  construction 
from  $3.50  to  $4.50  per  square  yard  1922  cost  conditions;  the  yearly 
maintenance  has  a  wide  range  due  to  all  sorts  of  conditions  but  probably 
falls  between  $0,003  to  $0.04  (0.015  average)  per  square  yard.  The  cost 
of  surface  renewal  distributed  over  the  life  of  the  pavement  is  probably 
about  $0.10  to  $0.16  per  square  yard  per  year  for  rural  highway  conditions 
on  primary  roads  carrying  over  4,000  vehicles  daily.  ^  A  reasonable  surface 
life  for  heavy  traffic  roads  constructed  of  this  type  is  probably  about 
12  to  18  years  although  there  are  many  cases  which  do  not  fall  within 
these  limits  (see  Chap.  IV). 

There  are  three  general  types  of  brick  pavement. 

1.  Monolithic  base  and  top  with  cement  grout  joint  filler. 

2.  Semi-monolithic  type  with  cement-concrete  base,  cement  sand  or 
bituminous  sand  cushion  and  either  cement  grout  or  bituminous  joint 
filler. 

3.  "Rolled  Base"  with  some  type  of  macadam  or  gravel  base  surfaced 
with  brick  having  either  bituminous  or  cement  grout  joint  filler. 

The  Monolithic  Type  is  constructed  by  laying  the  brick  on  the  green 
concrete  base  having  a  skim  coat  of  cement  sand  before  the  base  has  set; 
in  this  way  a  fairly  good  bond  between  base  and  top  course  of  brick  is 
obtained.  The  basic  idea  of  this  construction  was  to  produce  a  monoli- 
thic slab  and  by  this  means  reduce  the  necessary  depth  of  concrete  base. 
It  has  not  proved  as  effective  as  its  originators  hoped.  The  Semi- 
monolithic  is  the  best  known  construction;  it  depends  largely  for  its 
strength  on  the  concrete  base;  which  is  constructed  and  allowed  to 
set  before  the  surface  is  constructed.     On  this  base  an  evener  cushion 

1  These  renewal  costs  are  based  on  a  maximum  permissible  vialog  rating  of 
250"  per  mile  without  excessive  ordinary  maintenance  charges. 
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of  sand  or  a  mixture  of  sand  and  cement  or  bitumen  and  sand  is 
spread,  and  the  brick  surface  laid  and  filled  with  either  cement  grout  or 
bitumen.  The  "rolled  base"  type  is  essentially  the  same  as  the  Semi- 
monolithic  except  that  macadam  or  gravel  is  substituted  for  the  cement 
concrete  base. 

In  the  author's  opinion  the  monolithic  type  should  be  used  with 
caution,  in  northern  climates  at  least,  as  it  does  not  seem  to  meet  condi- 
tions as  well  as  the  second  class.  The  rolled  base  type  should  be  used 
with  caution  under  extremely  heavy  traffic  and  even  under  moderate 
traffic  it  has  some  disadvantages  due  largely  to  the  shape  of  the  standard 
block.  The  best  type  of  brick  pavement  appears  to  be  the  second  class 
noted  above. 

If  the  second  class  (Semi-monolithic)  is  used,  there  is  considerable 
disagreement  between  engineers  in  regard  to  the  use  of  cement  sand 
cushion  as  against  bituminous  sand  cushion  and  in  regard  to  the  use  of 
cement  grout  filler  as  against  bituminous  mastic  filler.  Assuming  that 
the  base  is  strong  enough  to  prevent  failure  due  to  weakness  of  the 
pavement  and  that  the  brick  are  uniformly  well  manufactured  and  stand 
the  traffic  pounding,  the  surface  defects  which  develop  are  due  either  to 
temperature  cracking  or  blow-ups  or  spauling  at  joints.  Cracking  and 
blow-ups  are  reduced  by  the  use  of  bituminous  filler  in  place  of  grout  filler ; 
joint  spauling  is  reduced  by  the  use  of  cement  grout  filler.  Excellent 
pavements  can  be  constructed  by  either  method.  In  villages  where 
appearance  is  a  large  factor,  and  where  it  may  be  necessary  to  take  up 
areas  of  pavement,  the  author  personally  favors  the  cement-sand  cushion 
with  bituminous  joint  filler.  On  rural  highways  outside  of  villages  where 
appearance  is  not  such  a  large  factor,  the  author  prefers  the  cement-sand 
cushion  with  cement  grout  filler  as  while  a  small  percentage  of  cracks  will 
occur,  the  pavement  is  not  seriously  damaged  and  its  riding  quality  for 
high-speed  traffic  is  bettered.  Recent  tests  on  the  Bates  Road  (1922) 
seem  favorable  to  the  bituminous-sand  cushion  (see  Appendix  D, 
page  601). 

Considering  the  fact  that  brick  surfaces  are  an  expensive  type  which 
can  only  be  economically  justified  under  heavy  traffic,  it  is  most  certainly 
desirable  to  use  only  the  best  of  materials  in  the  construction.  The 
depth  of  the  base  should  be  amply  strong  when  first  constructed  as  it  is 
poor  policy  to  take  a  chance  on  depth  failure  for  this  type.  Materials, 
details  of  design  and  inspection  are  outlined  on  page  361. 

Brick  paving  practice  is  going  through  a  transition  stage  in  the  same 
way  as  concrete  paving  practice  due  to  the  radical  difference  in  service 
demanded  by  modern  motor  traffic  on  rural  highways  as  contrasted  with 
the  old  horse-drawn  vehicles  and  any  statement  of  recommended  practice 
is  tentative  at  best. 
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Recommended  Designs. — The  following  designs  can  be  used  with 
assurance  of  reasonable  success.  They  represent  conservative  practice 
for  localities  having  a  gross  vehicle  load  limitation  of  28,000  lb. 


Cement'  Concrete  Base  Z-?^  '-SM/'x 
Uniform  Thickness 6 '%_ 7  "^^l^f/fj  ^\ 


4  "Brick  PavemenffCemenf  Sand  Joints  /■  /^  M/xJ 
'•     /  Cement  and  Sand  Cusli  ion  i:4/^ix. 


'  F^emolded Asptialt  \ 


l:i'/2  '-3  Concrete  Edging  6"*vide 

■l8'lo?0-:-';'-\y\     ^,/^°      " 

^    -vZ"  _y>i<^^ Crown  Grade 


Underdrair? 
^    in  Wet  Soils 


Sfone^Slag  or  Gravel    Anu  required      3  Porous  Tile 
Stioulders  6"Deep        depth  Weeps  spaced 30 

(See  Chi  a  p.  2) 
6eneraltg  about  12 inches 

Fig.   142^. — Recommended  design  (cement  grout  joints). 


Cement  Concrete  Base  1:3 'S- Mix. 

Uniform  Thickness  6  "to  8  "  \  (SeeChap^  F, 
',     Table  23 J 

Stone^  Slag  or  Grave f 
Shoulders^  6  "deep 


'iW<*'- 


^^-=__^py^ 


^ 


4  'Brick  Pavemenh(Bituminous  filled) 
!   ,  %  CcmentSand Cushion  i:4 Mix. 


-/B'toFo'-j-}-- 


Circular  Arc  Cnwn 
.//g  "per  ft        I 


■>. 


tfec 


//■■/^  -J  Concrete  Edging  6  wide 
Rounded  '/g  "Pad.  Inside 
jJ"        "  ..   -^'l    ',  Outside 


.7 


-- Croivn  Grade 


An^  required  depth 
See  Chapter  2 
GeneralJLi  about  12 inches 


^^^^^W^X^^^S^   Underdrain 
'h-       I'    '        //'  7-^-^^  in  Wet  Soils 


3  Porous  Tile        . 
Weeps,  spaced  30 


Fig.    142S. — Recommended  design  (bituminous  joints). 

Suitable  Materials. — Suitable  materials  for  macadam  and  cement 
bases  are  the  same  as  discussed  under  Macadam  Pavements,  pages  207 
to  209  and  under  Asphaltic  Concrete  Pavements,  page  301. 

Brick.  {Size.) — The  size  of  standard  paving  block  is  usually  specified 
as  between  33^^  in.  wide,  3^^  in.  deep  X  8^^  in.  long  and  Z\'2  in.  wide  X 
4  in.  deep  X  9  in.  long.  For  any  particular  size  used  on  single  jobs,  the 
maximum  difference  in  depth  should  not  exceed  J^  in.,  in  width  }^  in.  and 
in  length  3^^  in.  Kiln  marks  over  ^^4  in.  in  height  cause  the  rejection  of 
individual  brick.  If  the  brick  have  rounded  edges,  they  should  not 
exceed  ^fe-in.  radius  (square  brick  are  preferable  where  a  cement  grout 
filler  is  specified) .  Wire  cut  or  pressed  lugs  on  one  side  of  the  brick  should 
produce  a  separation  of  the  block  of  at  least  3^  in.  and  not  over  y^  in. 
This  standard  size  produces  a  very  effective  and  handsome  pavement 
on  village  or  city  streets  and  on  Class  I  traffic  rural  highways.  There 
is,  however,  a  growing  need  for  a  smaller  unit  for  resurfacing  worn  out 
macadam  and  concrete  pavements  particularly  on  grades  of  more  than 
4  per  cent  where  asphaltic  concrete  pavements  are  not  entirely  satis- 
factory on  account  of  tendency  of  motors  to  skid  in  damp  weather. 
Whether  this  need  will  be  met  by  small  stone  blocks  or  by  brick  cubes  is 
still  in  doubt  and  will  depend  very  largely  on  the  general  attitude  of  the 
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stone  block  and  brick  paving  manufacturers  in  producing  an  acceptable 
grade  of  cube  at  a  reasonable  cost.  The  standard  4-in.  block  is  not  only 
very  costly  for  such  conditions  but  also  introduces  too  much  change  in 
surface  elevation  particularly  where  a  contracted  section  in  cut  with 
gutters  is  used. 

A  considerable  yardage  of  pavement  constructed  of  brick  of  standard 
surface  dimensions  but  with  a  3-in.  depth  has  been  laid  in  an  effort  to 
reduce  freight  costs  on  the  materials.  There  is  considerable  doubt  as  to 
the  advisability  of  reducing  depth  dimension  where  the  width  and 
length  remain  the  same  as  it  unbalances  the  resistance  of  the  block  parti- 
cularly over  a  macadam  base  and  for  heavy  traffic  roads  this  expedient 
may  well  be  used  with  caution.  Special  shaped  grooved  block  known  as 
hillside  brick  are  used  on  steep  grades. 

Quality. — Paving  block  are  manufactured  of  special  mixtures  of  clay 
or  shale.  Most  pavers  are  a  shale  product  although  very  good  brick  can 
be  manufactured  by  a  well-controlled  clay  mixture.  The  essential 
qualities  of  the  finished  product  are  that  the  brick  shall  be  well  annealed, 
tough  and  evenly  burned  and  free  from  laminations,  voids  and  cracks. 
When  broken,  they  must  show  a  uniform  stonelike  fracture.  There  are 
two  general  types,  the  wire  cut  brick  and  the  repressed  brick.  The 
concensus  of  opinion  among  engineers  seems  to  favor  the  wire  cut  method 
as  the  brick  is,  perhaps,  less  likely  to  show  laminations.  The  wire  cut 
block  also  has  the  square  edge  which  is  desirable  where  cement  grout  is 
used  as  the  joint  filler  on  account  of  less  Hability  for  the  grout  to 
chip  out. 

Where  bituminous  joint  filler  is  used,  a  well-manufactured  repressed 
brick  with  rounded  edges  is  very  satisfactory. 

All   pavers  are  subject  to  tests  for 
Square  Edge  Joint  ^Rpunded  EdgeJoinj-     toughncss  and  absorptiou  and  in  some 


i_  a 


cases    to    the    rupture    test    for   cross- 
breaking     although    the    last    test    is 
Fig.  143.-Typicai  joints.  hardly  necessary  for  the  standard  size 

block.  Toughness  is  determined  by  the 
rattler  test  described  in  Appendix  A.  The  maximum  loss  by  abrasion 
in  this  test  is  usually  set  at  24  per  cent  for  heavy  traffic  roads  and 
the  maximum  absorption  at  33^^  per  cent.  Modulus  of  rupture  is 
to  be  not  less  than  2,000  lb.  per  square  inch  computed  by  the  formula 

^  =  ^larT')  in  which 

R  =  Modulus  of  rupture. 
W  =  Load  in  pounds  which  produces  rupture. 
L  =  Length  between  supports  (6  in.). 

b  =  Width  of  brick  in  inches. 

d  =  Depth  of  brick  in  inches. 
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Cushion  Sand.^ — The  plain  sand  cushion  is  going  out  of  use  in  favor 
of  either  the  cement  sand  or  bituminous  sand  cushion.  Where  a  sand 
cushion  is  used,  it  must  be  free  from  pebbles  and  fairly  clean,  A  common 
specification  calls  for  100  per  cent  passing  a  6  sieve;  90  per  cent  passing  a 
20  sieve  and  not  over  10  per  cent  of  loam  or  silt.  Unsatisfactory  portions 
of  many  brick  pavements  have  been  directly  traceable  to  poor  cushion 
and  to  careless  manipulation  which  resulted  in  the  sand  working  up 
between  the  brick  and  preventing  proper  grout  penetration. 

Where  the  cement  sand  cushion  is  used,  a  first  class  concrete  sand 
containing  not  over  8  per  cent  of  loam  is  required;  the  usual  mix  for  this 
type  of  cushion  is  1  part  cement  to  4  of  sand  which  gives  the  necessary 
stiffness  to  prevent  flowing  of  the  cushion. 

Where  bituminous  sand  cushion  is  used,  the  sand  should  be  a  clean 
coarse  concrete  and  mixed  with  about  4  to  6  per  cent  of  bitumen  of 
the  proper  grade  (see  Appendix  D). 

Grout  Sand. — Must  be  a  clean  sharp  concrete  sand  containing  not  over 
5  per  cent  of  loam  or  silt.  A  common  specification  requires  100  per  cent 
passing  a  12  sieve  and  not  over  40  per  cent  passing  a  50  sieve.  A  mixture 
of  1  part  cement  to  1  part  grout  is  often  specified.  The  National  Brick 
Manufactures  recommend  1  part  cement  to  13^^  parts  sand. 

Bituminous  Filler. — Either  asphalt  or  tar  pitch  filler  can  be  success- 
fully used  for  Specifications,  see  Appendix  A,  page  561. 

Amounts  of  Materials. — ^The  amounts  of  material  for  macadam  bases 
are  given  under  Macadam,  page  209,  and  for  Concrete  Bases,  page  305. 

Brick  is  usually  purchased  by  the  square  yard  finished  pavement  on 
account  of  culling,  etc.  so  that  the  number  of  brick  per  square  yard  is  of 
little  value;  in  case  brick  is  purchased  by  the  1,000,  the  following  table 
from  Blanchard  will  be  of  use.  Ordinary  standard  paving  block  33^^ 
X  4  X  9  in.  lay  about  40  to  the  square  yard. 


Size  of  brick  ' 


Number  of  brick  per  square  yard  J-^-in.  joint 


2>i  X  8       X  4  laid  flat 

67 

2K  X  8M  X  4  laid  edgewise 

65 

3M  X  8M  X  4  laid  edgewise 

45 

2H  X  8>i  X  4  laid  edgewise 

57 

3      X  9      X  4  laid  edgewise 

46 

'  Blanchard,  "Highway  Engineering." 

Grout. — One  barrel  of  cement  will  grout  approximately  36  sq.  yd.  of 
standard  4-in.  depth  block  with  grout  mixed  1  to  1. 

Expansion  Joints. — Premoulded  joints  purchased  by  the  linear  foot 
are  usually  used.  In  case  the  joints  are  poured,  1  bbl.  of  paving  pitch 
will  fill  approximately  130  lin.  ft.  of  joint  1  in.  wide  and  4  in.  deep. 
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DESIGN 

Design  covers  selection  of  type  of  pavement  (Monolithic,  Semi- 
monolithic  or  Rolled  Base),  Depth  of  Base,  Type  of  Brick  Surface 
(Grouted  or  Bituminous  filled).  Type  of  Cushion  (Cement  Sand,  Bitumi- 
nous Sand  or  Plain  Sand),  Width  and  Crown  of  Pavement. 

Type. — As  previously  discussed,  the  semi-monolithic  on  cement 
concrete  base  is  the  type  probably  entitled  to  most  consideration  for 
heavy  traffic  i-ural  highways. 

Depth  of  Base. — If  a  macadam  base  is  used,  the  design  of  depth  is 
quite  definite  as  discussed  in  Chap.  II.  If  the  cement  concrete  type  of 
base  is  used,  any  existing  formula  is  speculative  to  say  the  least  and 
experience  is  the  best  guide.  Experience  can,  however,  be  expressed  in 
the  form  as  tentative  formulae  as  developed  in  Chap.  II,  pages  132  to  137. 

Adequate  depths  of  macadam  base  under  heavy  traffic  depend  on  the 
foundation  soil  and  range  from  8  to  24  in.  using  Formula  2,  page  93, 


I  V.tnfied    BIooH:  'l 

Fig.    1444. — Standard  brick  pavement.     State  of  Pennsylvania  (1922). 
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Curbing, 

Fig.   1445. — Standard  brick  pavement.     State  of  New  Jersey  (1922). 

with  a  design  wheel  load  of  14,000  lb.  (28,000-lb.  gross  static  vehicle 
load)  and  assuming  that  a  bituminous  filled  brick  top  is  equivalent  to  2 
in.  of  macadam. 

Adequate  depths  of  cement  concrete  bases  depend  on  the  richness  of  the 
mix  of  the  concrete  base,  on  whether  the  pavement  is  the  monolithic  or 
semi-monolithic  type  and  if  the  semi-monolithic  type  whether  the  surface 
is  grout  filled  or  has  a  bituminous  filler.  Current  practice  generally 
uses  a  4-in.  depth  of  cement  concrete  with  4-in.  brick  for  the  monolithic 
type  and  for  the  semi-monolithic  type  with  concrete  ranging  in  mix  from 
1:3:6  to  1:2:4,  the  depth  of  base  ranges  from  5  to  8  in.  with  slightly 
greater  depth  for  bituminous  filled  brick.  Tentative  formulae  developed 
in  Chap.  II  indicate  that  for  rural  highway  conditions  (28,000-lb.  gross 
vehicle  load)  using  the  recommended  semi-monolithic  type  with  a  base 
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mix  of  1 :  23-^:5  a  depth  of  6  to  7  in.  for  grout  filled  surface  and  7  to  8  in. 
for  bituminous  filled  surface  will  be  satisfactory. 

Expansion  and  Contraction. — Bituminous  filled  brick  surfaces  do  not 
require  any  special  provision  for  temperature  stresses. 

Cement  grout  filled  brick  require  longitudinal  joints  along  curb  or 
edging.  Premoulded  bituminous  strips  are  the  best  type  of  joint.  A 
joint  width  on  each  side  of  i^  in.  is  sufficient  for  rural  roads  up  to  20  ft. 
For  wider  streets  20  to  30  ft.  ^i-in.  width  and  for  greater  widths  1  in. 

Transverse  joints  are  rarely  used  and  appear  to  be  detrimental; 
infrequent  blow-ups  may  better  be  permitted.  Where  they  are  used, 
they  are  generally  spaced  at  50-ft.  intervals  and  have  a  ^^  in.  thickness. 
Width  and  Crown. — ^ Widths  are  the  same  as  for  any  rigid  rural  pave- 
ment (pages  70  and  71).  Widening  on  curves  is  desirable.  Where  a 
state  highway  with  a  large  volume  of  traffic  passes  through  villages  30 
ft.  is  satisfactory  for  resident  streets  and  40  to  60  ft.  for  business  streets. 
The  crown  usually  used  for  18-  to  20-ft.  rural  roads  is  a  circular  arc  ^^  in. 
per  foot  for  grouted  brick  and  ^s  in.  per  foot  for  bituminous  filled;  banking 
on  curves  is  given,  page  211.  Village  street  crowns  are  indicated,  page  604. 
The  straight  line  crown  is  to  be  avoided  as  discussed  page  274  (Concrete 
Pavements) . 

Steep  Grades. — Hillside  brick  should  be  used  on  grades  over  5  per 
cent  for  grouted  surfaces  and  on  grades  over  8  per  cent  for  bituminous 
filled  brick  where  horse  traffic  must  be  considered. 

Equipment. — Ordinary  construction  equipment  previously  described 
appHes  to  grading,  culverts  and  concrete  base.  Special  equipment  for 
economically  handling  the  brick  surface  work  requires  the  possible  use 
of  conveyors  in  unloading  and  laying  brick  and  a  small  grout  mixer.  The 
rollers  used  for  the  brick  surface  are  the  tandem  type  and  generally 
weigh  about  3  tons.  A  hand  roller  similar  to  the  ordinary  lawn  roller 
about  23^-^  ft.  wide  and  about  23^^  ft.  in  diameter  with  water  ballast  is  a 
convenient  tool  for  compacting  sand  cushion  preliminary  to  striking. 

Inspection  Details. — The  success  of  a  brick  pavement  depends  largely 
on  the  care  in  construction  and  rigid  inspection  is  necessary.  Inspection 
covers  careful  control  of  grading;  culvert  back-fills;  concrete  base  and 
brick  surface.  Inspection  methods  for  all  operations  up  to  the  brick 
surface  have  been  previously  discussed. 

Brick  surface  inspection  includes  control  of  handling  brick;  cushion; 
laying;  culling;  rolling;  grouting  and  protection  until  set.  Suggestions 
published  by  the  Dunn  Wire  Cut  Lug  Brick  Co.  are  as  definite  and  reliable 
as  any  source.     They  are  quoted  as  follows: 

Expansion  Joints. — Expansion  joints  shall  be  placed  parallel  with  and 
at  each  curb  line  and  extend  across  each  street  and  alley  intersections. 
It  should  be  one-half  {}i)  in.  in  width  for  streets  less  than  twenty  (20) 
ft.  wide;  three-fourths  (^i)  in.  for  streets  from  twenty  (20)  to  thirty^ (30) 


366  RURAL  HIGHWAY  PAVEMENTS 

ft.  wide,  and  one  (1)  in,  in  width  for  streets  wider  than  thirty  (30)  ft. 
This  joint  must  extend  to  the  depth  of  the  brick. 

A  premolded  or  prepared  bituminous  strip  which  will  be  unaffected 
by  the  action  of  water  and  will  remain  pliable  at  all  temperatures  to  which 
it  may  be  subjected  shall  be  used  for  this  purpose.  The  material  should 
be  made  into  strips  of  suitable  length  and  of  the  required  depth  and 
thickness  and  shall  be  placed  in  the  pavement  with  the  ends  closely 
joined  as  the  bricks  are  being  laid. 

Delivery  of  Brick. — Before  the  grading  is  finished  the  brick  shall  be 
hauled  and  neatly  piled  outside  the  curb  line  in  sufficient  quantities  to 
complete  the  brick  surface.  Clamps  or  conveyors  may  be  used  in  con- 
nection with  this  work,  but  the  brick  shall  not  be  dumped  from  wagons 
to  piles,  or  from  cars  to  wagons,  nor  shall  they  be  piled  in  any  location 
where  they  are  likely  to  become  bespattered  or  covered  with  mud  or 
otherwise  injured,  unless  thoroughly  protected. 

In  delivering  the  brick  frojn  the  piles  for  placement  in  the  street,  no 
wheeling  in  barrows  will  be  allowed  on  the  brick  surface.  The  brick 
shall  be  so  arranged  and  carried  on  a  pallet,  or  conveyor,  that  when 
delivered  to  the  dropper  each  brick,  in  the  regular  operation  of  placing  upon 
the  cement-sand  bed  as  prepared,  will  naturally  lie  with  the  projections 
in  the  same  direction  and  with  the  best  edge  uppermost. 

Cement-sand  Bed. — Upon  the  foundation  as  prepared  there  shall 
be  spread  a  bed  of  cement  and  sand  of  uniform  density  to  the  depth  of 
one  (1)  in.  and  in  the  proportion  of  one  cement  and  four  sand.  The 
cement  and  sand  shall  be  thoroughly  mixed  dry  in  a  mixer  until  a  uniform 
color  is  obtained. 

The  cement-sand  bed  shall  be  carefully  shaped  to  a  true  cross-section, 
parallel  with  the  finished  pavement,  by  means  of  a  template  covering 
at  least  one-half  (3-^)  of  the  width  of  the  brick  work,  and  so  made  as  to  be 
easily  drawn  over  the  curb  or  guide  rails  set  to  the  proper  elevation. 
The  operation  of  shaping  the  cement-sand  bed  for  the  brick  is  considered 
of  prime  importance  in  securing  the  desired  evenness  in  the  surface  of  the 
finished  pavement. 

Brick  Laying. — Upon  the  cement-sand  bed  as  prepared  the  brick 
shall  be  immediately  laid  with  the  best  edge  up,  the  projections  in  one 
direction,  and  with  the  courses  straight  and  at  right  angles  to  the  center 
line  of  the  pavement,  except  in  the  case  of  hillside  brick  which  are  to  be 
laid  parallel  thereto.  All  joints  must  be  broken  at  least  three  (3)  inches; 
and  the  courses  straightened  by  tapping  lightly  with  a  sledge  on  a  four 
by  four  inch  timber  three  (3)  feet  in  length,  provided  for  that  purpose. 
Nothing  but  the  whole  brick  shall  be  used  except  in  starting  and  finishing 
courses,  or  in  such  cases  as  may  be  directed  by  the  engineer.  The  cutting 
and  trimming  of  the  brick  shall  be  done  by  experienced  men.  For 
closures,  nothing  less  than  three  (3)  inch  bats  shall  be  used;  and  the 
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fractured  ends  laid  towards  the  center  of  the  pavement.  Broken  and 
chipped  brick  suitable  for  batting  shall  be  used  so  far  as  practical  in 
obtaining  the  necessary  half  brick  for  breaking  course  and  making  closures, 
instead  of  breaking  otherwise  whole  and  sound  brick.  All  brick  when 
laid  shall  be  clean  and  kept  clean  and  entirely  free  from  dirt  or  other 
foreign  matter  until  the  pavement  is  completed.  All  the  work  of  brick 
laying  shall  be  done  over  the  brick  already  laid.  The  disturbing  of  the 
prepared  cement-sand  bed  is  prohibited.  As  soon  as  any  surplus  of 
delivery  of  brick  is  ascertained,  they  shall  promptly  be  moved  forward  for 
use. 

After  the  brick  have  been  laid,  the  chips  shall  be  swept  from  the 
street,  all  soft  brick  removed,  and  those  badly  broken,  badly  spawled  or 
misshapen  shall  be  turned  over  or  removed  by  the  contractor.  Brick 
slightly  chipped  for  batting  in,  shall  be  carried  forward  and  used  for  that 
purpose;  the  remainder  shall  be  placed  in  separate  piles  along  the  street. 
The  inspector  shall  keep  the  brick  culled  and  the  contractor  shall 
make  the  necessary  changes  and  replacements  so  that  the  work  at  all 
times  shall  be  ready  for  the  grouting  within  fifty  (50)  feet  of  the  brick 
laying. 

Rolling. — Immediately  after  the  brick  in  the  pavement  have  been 
inspected  and  the  surface  of  the  pavement  swept  clean,  it  shall  be  rolled 
with  a  self-propelling  tandem  roller,  weighing  approximately  three  (3) 
tons,  in  the  following  manner:  The  rolling  will  commence  near  the  curb  or 
edging  line,  at  a  slow  pace  and  continue  back  and  forth  until  the  center 
of  the  pavement  is  reached,  then  pass  to  the  opposite  curb  or  edging  line 
and  repeat  in  the  same  manner  to  the  center  of  the  street.  After  the 
first  passage  of  the  roller  the  pace  may  be  quickened.  The  pavement 
shall  then  be  rolled  transversely  at  an  angle  of  forty-five  (45)  degrees; 
repeat  the  rolling  in  like  manner  in  the  opposite  direction,  then  roll 
parallel  with  the  curb  or  edging  line  until  the  surface  is  smooth. 

Before  this  last  rolling  takes  place  all  broken  or  injured  brick  must  be 
taken  up  and  replaced  with  acceptable  ones.  Portions  of  the  pavement 
inaccessible  to  the  roller  shall  be  tamped  to  grade  by  the  use  of  a  hand 
tamper  applied  upon  a  2-in.  plank. 

After  the  final  rolling  the  surface  shall  be  tested  with  a  ten  (10)  foot 
straight  edge  laid  parallel  with  the  center  line  of  the  pavement  and  any 
depressions  exceeding  one-quarter  (3^^)  of  an  inch  shall  be  taken  out. 

All  brick  laid  shall  be  rolled  ready  for  grouting  at  the  end  of  the 
working  day. 

Cement  Grout  Filler. — The  cement  grout  used  in  filling  the  joints  in 
the  brick  shall  consist  of  one  (1)  part  of  cement  and  one  and  one-half 
(IK)  parts  of  sand. 

The  cement  shall  meet  the  requirements  of  the  Standard  Specifications 
for  Portland  Cement  of  the  American  Society  for  Testing  Materials, 


368  RURAL  HIGHWAY  PAVEMENTS 

adopted   August    16,    1909,    with   amendments   and   additions   thereto 
adopted  by  said  Society. 

The  sand  for  the  cement-sand  bed  and  the  grout  filler  shall  be  com- 
posed of  clean,  sharp,  well  graded  quartz  grains  and  shall  not  contain 
more  than  5  per  cent  of  clay  or  silt.  The  grains  shall  be  such  size  that 
all  will  pass  a  No.  12  sieve  and  that  not  more  than  40  per  cent  will  pass 
a  No.  50  sieve. 

As  soon  as  the  pavement  is  rolled  and  before  the  filler  is  applied 
the  pavement  shall  be  thoroughly  saturated  with  water  so  as  to  insure 
the  hardening  of  the  cement-sand  bed.  The  brick  must  be  wet 
when  the  grouting  starts. 

The  cement  and  sand  for  grouting  in  correct  proportions  shall  be 
thoroughly  mixed  dry  until  the  mass  assumes  a  uniform  color.  From 
this  mixture  a  small  batch  not  exceeding  2  cu.  ft.  shall  be  placed 
in  a  suitable  box  or  a  machine  especially  adapted  for  that  purpose. 
Slowly  add  water  and  thoroughly  mix  until  the  mixture  is  of  such  a 
consistency  that  it  will  readily  flow  into  the  joints  without  separation. 
Ample  time  must  be  taken  in  preparing  this  hquid  mixture,  first  making 
a  plastic  mortar,  then  gradually  thinning  by  mixing  and  slowly  adding 
water;  continue  the  mixing  until  all  is  removed  and  applied  to  the  surface 
in  small  quantities.  The  application  should  be  continued  until  the 
joints  appear  to  be  filled.  Any  surplus  material  remaining  on  the  bricks 
shall  then  be  swept  into  the  joints.  Extreme  care  must  be  taken  that 
the  joints  are  not  cemented  over  and  that  the  filler  extends  down  to  the 
bottom  of  the  brick. 

After  the  first  coat  has  had  a  chance  to  settle  and  before  the  initial 
set  develops,  a  second  coat  shall  be  applied  in  a  similar  manner  with  a 
somewhat  thicker  grout.  After  this  application  has  had  time  to  settle 
and  before  the  initial  set  takes  place,  the  pavement  shall  be  finished 
to  a  smooth  surface  with  a  squeegee  having  a  rubber  edge  which  shall 
be  worked  over  the  brick  at  an  angle  with  the  joints — thus  leaving  them 
entirely  filled  (see  Fig.  145). 

The  contractor  shall  provide  thin  metal  strips  one-sixteenth  (Me)  in. 
by  six  (6)  in.  by  three  (3)  ft.  long  and  insert  same  in  the  brick  joints 
across  the  street  when  closing  up  a  stretch  of  grouting  at  work  intervals, 
so  that  the  grouting  will  end  in  a  vertical  joint.  These  strips  must  be 
taken  out  when  the  grout  becomes  stiff  and  before  the  initial  set. 

Protection  of  Filler. — After  the  surface  has  been  thoroughly  inspected 
and  if  approved,  and  sufficient  time  for  setting  has  taken  place  so  that 
a  coating  of  sand  or  earth  will  not  absorb  any  moisture  from  the  cement 
mixture,  the  surface  shall  be  covered  with  one  (1)  in.  or  more  of  sand  or 
earth  to  prevent  too  rapid  drying  of  the  filler.  This  shall  be  kept  moist 
for  at  least  four  (4)  days,  and  no  traffic  shall  be  allowed  on  the  street 
for  a  period  of  at  least  fifteen  (15)  days. 
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Hillside  Brick.^ — On  grades,  when  ordered  by  the  engineer,  standard 
hillside  brick  shall  be  used.  These  brick  shall  in  quality  and  test  con- 
form to  the  requirements  of  these  specifications. 

The  general  method  of  constructing  a  wire-cut  lug  hillside  pavement 
shall  conform  to  the  standard  specifications,  except  that  the  bricks  shall 
be  laid  longitudinally  instead  of  transversely.  They  shall  be  grouted 
in  the  manner  specified  for  brick  pavements  except  that  all  the  grout  in 
the  surface  grooves  of  the  wire-cut  lug  hillside  brick  shall  be  broomed 
out  before  it  shall  have  time  to  set  up  (care  being  taken  not  to  disturb 
the  grout  in  the  longitudinal  joints).  This  brooming  should  be  done 
transversely  with  a  rattan  broom. 

Note. — We  strongly  advise  the  use  of  a  small  mixer  properly  equipped 
for  applying  the  grout.  This  mixer  should  be  used  for  the  first  applica- 
tion, and  a  suitable  box  for  the  second  application.  When  boxes  are 
used  the  grout  shall  be  removed  from  same  with  scoop  shovels. 

Bituminous  Filler. — Where  bituminous  filler  is  used  the  brick  must  be 
clean  and  dry  when  the  filler  is  applied.  It  must  be  heated  to  the  proper 
temperature  between  300  to  380°F.  and  applied  by  either  conical 
pouring  cans  the  nose  of  which  rests  on  the  joint  and  is  drawn  along  the 
joint  or  by  the  squeegee  method.  The  squeegee  method  is  recommended 
by  the  Brick  people.  In  this  method  the  hot  filler  is  poured  on  the 
pavement  and  rapidlj^  worked  into  the  joints  by  hot  iron  squeegees 
operated  slowly  backward  and  forward  at  an  angle  with  the  joints.  The 
operation  is  continued  until  the  joints  remain  full  and  a  thin  film  of 
bitumen  remains  on  the  surface  of  the  brick.  A  thin  sand  or  screening 
coat  is  spread  over  the  surface  and  the  pavement  opened  for  traffic. 

TYPICAL  SPECIFICATIONS  (NEW  YORK  STATE,  1922) 

Item  47 — Concrete  Foundation  for  Pavement 

Work.  47.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a  properly- 

prepared  subgrade,  concrete  foundation  for  pavement  and  necessary  edging  of 
the  dimensions  shown  on  the  plans  or  ordered  by  the  Engineer. 

47.2.  Concrete  foundation  and  edging  shall  be  placed  on  the  subgrade  or  on 
the  foundation  course,  and  shall  not  be  placed  until  these  are  in  first  class  con- 
dition true  to  line  and  grade  in  longitudinal  and  transverse  cross-section  properly 
drained  and  thoroughly  rolled  and  compacted ;  it  being  a  prime  consideration  that 
uniform  density  in  the  subgrade  or  foundation  course  be  secured.  Where 
the  subgrade  is  an  old  roadbed  it  must  be  scarified,  reshaped  and  reroUed  for 
the  full  width  of  the  pavement. 

Wherever  the  supporting  power  of  the  subgrade  changes  suddenly  by  reason 
of  change  from  rock  to  earth,  or  of  trench  excavation  which  cannot  be  sufficiently 
compacted,  metal  reinforcement  shall  be  furnished  and  used  in  the  concrete 
foundation,  as  shown  on  the  plans  or  as  ordered  by  the  Engineer.  Payment  for 
such  reinforcement  will  be  made  under  item  of  "  Metal  Reinforcement." 

Material.  47.3.  Concrete  shall  consist  of  a  mixture  of  Portland  cement,  concrete 
masonry  sand,  and  broken  stone,  broken  slag  or  screened  gravel.  All  these 
materials  shall  conform  in  all  respects  to  the  requirements  given  under  "Mate- 
rials OF  Construction,"  and  all  the  specifications  relating  to  second-class  con- 
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Crete  shall  apply  to  work  done  under  this  item,  in  so  far  as  the  same  do  not 
conflict  with  the  special  specifications  given  below. 

Method.  47.4.  The  concrete  shall  be  mixed  in  the  proportions  of  one  volume  of  cement  to 

seven  and  one-half  volumes  of  sand  and  broken  stone,  broken  slag  or  screened 
gravel  measured  separately.  The  volumes  of  sand  and  broken  stone  or  broken 
slag  or  gravel,  shall  be  measured  accurately  in  a  manner  satisfactory  to  the 
Engineer.  The  relative  proportions  of  fine  and  coarse  aggregate  may  be  varied 
slightly,  as  a  result  of  tests  for  voids  by  the  Engineer,  to  the  end  that  resulting 
concrete  shall  be  as  dense  as  possible.  The  concrete  shall  in  all  cases 
approximate  a  1  :  23'^  :  5  mix. 

47.5.  The  coarse  aggregate  shall  consist  of  a  well  mixed  product  of  clean  No.  1, 
No.  2  and  No.  3  stone,  slag  or  screened  gravel  provided  that  not  more  than  25  per 
cent  of  the  total  shall  be  of  No.  1  size. 

47.6.  The  concrete  shall  be  mixed  in  approved  mechanical  batch  mixers. 
Mixing  shall  be  continued  for  at  least  1  min.  after  all  the  materials  are  in  the 
mixer  drum,  at  a  speed  of  not  less  than  10  nor  more  than  16  r.p.m. 
and  until  every  particle  is  coated  with  mortar  and  until  the  batch  is  of 
uniform  color  and  consistency.  After  the  materials  are  once  wetted  the  work 
shall  proceed  rapidly  until  the  concrete  is  in  place.  The  quantity  of  water  used 
shall  be  as  directed  by  the  Engineer  and  suitable  measuring  tanks  shall  be 
provided  by  the  Contractor  so  that  the  amount  of  water  may  be  such  as  to  make 
the  separate  batches  of  the  same  consistency. 

47.7.  If  at  any  time  during  the  progress  of  the  work  the  temperature  is  so  low 
that  in  the  opinion  of  the  Engineer  it  will  within  24  hour  drop  to  35  °F.,  the  water 
and  aggregates  shall  be  heated  and  precautions  taken  to  protect  the  work  from 
freezing  for  at  least  10  days.  Should  these  temperature  conditions  maintain  for 
two  consecutive  days,  permission  must  be  had  from  the  Division  Engineer  in 
writing  before  proceeding  with  the  work,  laying  down  such  requirements  of 
procedure  as  will  be  permitted.     In  no  case  shall  concrete  be  deposited  on  a 

•  frozen  subgrade.     All  frost  lumps  must  be  removed  from  the  aggregates. 

47.8.  Substantial  forms  shall  be  provided  and  set  long  the  edges  of  the 
concrete  foundation.  They  shall  be  securely  staked  in  position  so  that  they  will 
maintain  true  line  and  grade  and  prevent  warping. 

47.9.  Before  any  concrete  is  placed,  the  subgrade  shall  be  sprinkled  suffi- 
ciently to  dampen  it  but  a  muddy  condition  shall  not  be  allowed.  As  soon  as 
possible  after  mixing,  the  concrete  shall  be  deposited  in  place  and  thoroughly 
spaded  or  screened  so  as  to  bring  the  mortar  flush  to  the  surface.  Especial  care 
shall  be  taken  to  keep  the  concrete  uniform  and  to  prevent  pockets  of  stone  or 
mortar. 

47.10.  The  surface  when  completed  shall  conform  to  the  lines  and  grades 
shown  upon  the  plans,  and  shall  be  free  from  depressions  and  irregularities. 
No  stone  shall  project  above  the  general  surface.  All  shaping  or  screening  shall 
be  done  before  the  concrete  has  begun  to  harden.  Any  concrete  which  has  not 
been  shaped  and  finished  previous  to  hardening,  shall  be  removed  for  the  full 
depth  of  the  roadway  and  replaced  with  satisfactory  concrete. 

47.11.  As  soon  as  the  concrete  has  hardened  the  surface  shall  be  covered 
with  a  layer  of  suitable  material  as  directed  by  the  Engineer. 

Edging.  47.12.  Concrete  edging  may  be  mixed  by  hand  in  the  manner  specified  for 

second-class  concrete.  In  all  cases,  however,  the  concrete  shall  be  rammed  and 
spaded  so  that  a  dense  concrete  and  a  smooth  surface  will  result.  Before  the 
concrete  has  hardened  the  top  shall  be  finished  to  a  smooth,  even  surface  with 
trowel  or  float. 

47.13.  The  forms  shall  be  set  and  held  true  to  line  and  grade,  and  shall  not  be 
removed  until  the  concrete  has  hardened  sufficiently,  in  the  judgment  of  the 
Engineer.  The  edging  shall  be  protected  from  injury  until  the  completion  of  the 
contract. 

After  the  removal  of  the  forms,  the  trenches  shall  be  back-filled  with  earth 
and  thoroughly  tamped. 
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Measure-  47.14.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
ment  and  cubic  yards  of  concrete  foundation  and  edging  for  pavement  incorporated  in 
payment,  the  work  in  accordance  with  the  plans  or  as  directed  by  the  Engineer. 

The  price  bid  shall  cover  the  furnishing  and  placing  of  all  forms  and  materials, 
(except  Portland  cement)  all  mixing,  tamping,  finishing  and  all  labor,  appliances, 
and  incidental  expenses  necessary  to  complete  the  work.  The  amount  to  be 
estimated  shall  be  computed  by  multiplying  the  cross-section  of  concrete  foun- 
dation and  edging  as  shown  upon  the  plans  or  ordered  by  the  Engineer  by  the 
total  length  of  concrete  foundation  and  edging  measured  along  the  axis  of  the 
pavement,  making  no  deductions  for  catch  basins  and  manholes. 


Item  61 — Brick  Pavement. — Type  1 

Item  61A — Brick  Pavement. — Type  2 

Work.  61.1.  Under  this  item  the  Contractor  shall  furnish  and  place  the  number  of 

square  yards  of  brick  pavement  lequired  in  accordance  with  the  plans  or  as 
ordered  by  the  Engineer.  The  item  will  cover  the  furnishing  and  placing  of  all 
the  brick,  cushion,  grout,  expansion  joints  and  all  material,  labor  and  other 
expenses  incidental  thereto  but  will  not  cover  the  concrete  foundation,  edging, 
curbing,  manholes,  catch  basins,  etc.,  which  will  be  paid  for  under  the  especially 
designated  items  therefor. 

Material.  61.2.  All  bricks  or  blocks  used  must  be  annealed  and  especially  burned  for 
street  paving  and  of  the  very  best  quality  as  regards  hardness,  dimensions, 
toughness,  straight  lines  and  non-absorption  of  water. 

All  brick  must  be  neatly  piled  outside  of  the  neat  lines  of  pavement  and  the 
dumping  of  brick  will  not  be  allowed. 

61.3.  The  paving  bricks  shall  be  subjected  to  abrasion  tests  conducted  by  the 
Commission  in  the  manner  and  with  rattlers  of  the  type  adopted  February  7, 
1911,  by  the  National  Paving  Brick  Manufacturers  Association.  One  sample  of 
bricks  shall  be  taken  and  tested  for  every  two  hundred  thousand  (200,000)  bricks 
and  less  than  this  when  conditions  warrant.  An  average  loss  in  weight  in  a 
rattler  test  exceeding  twenty-four  (24)  per  centum,  or  an  average  absorption  of 
three  and  one-half  (3 3-^)  per  centum  of  water  shall  cause  the  rejection  of  the  total 
quantity  that  the  test  represents,  provided,  however,  that  if  permitted  the 
bricks  may  be  carefully  reculled,  and  new  samples  taken  and  tested.  If  this 
second  test  passes  the  requirements,  the  bricks  represented  by  it  may  be  used. 
If  this  second  test  fails,  no  further  test  shall  be  permitted  but  the  entire  lot  shall 
be  rejected.  To  insure  the  furnishing  of  bricks  of  uniformly  acceptable  quality, 
if  any  "brand"  of  brick  of  which  three  lots,  each  of  ten  thousand  (10,000")  bricks 
or  more,  offered  consecutively  for  acceptance  tests,  fail  to  meet  the  requirements 
for  this  section  without  reculling  them,  then  this  brand  shall  be  rejected. 

All  the  above  tests  will  be  made  by  the  Bureau  of  Tests  of  the  State  Com- 
mission of  Highways. 

61.4.  On  grades  of  5  per  cent  or  over  an  approved  special  form  of  block 
suitable  for  steep  grades  shall  be  used. 

61.5.  The  size  of  the  brick  shall  be  3^  in-  in  width  by  4  in.  in  depth  by  8^i 
in.  in  length,  unless  otherwise  shown  on  plans,  and  shall  not  vary  from  the 
dimensions  specified  more  than  ^i  in.  in  width  nor  more  than  }-i  in.  in  depth  nor 
more  than  }i  in.  in  length.  Bricks  of  a  given  brand  shall  not  vary  among  them- 
selves more  than  3-^  in.  in  depth  nor  more  than  3^  in.  in  width  nor  more  than 
3^  in.  in  length  in  any  one  shipment.  If  the  edges  are  rounded  the  radius  shall 
not  be  greater  than  ^^g  o^  ^n  inch.  One  side  shall  contain  lugs  of  such  dimen- 
sions that  transverse  joints  will  not  be  less  than  ^{q  of  an  inch  nor  more  than 
3i  in.  in  width.  Each  end  shall  contain  a  semi-circular  groove  of  ^-^-to  ^-^-in. 
radius,  or  a  bulge  of  at  least  }^{q  in.  The  grooves  shall  be  horizontal,  and  shall 
match  perfectly  when  the  bricks  are  laid  in  the  finished  pavement.  Bricks  in 
any  course  shall  not  vary  in  width  by  more  than  J'i  in- 
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61.6.  Not  less  than  10  days  after  the  concrete  foundation  has  been  com- 
pleted, there  shall  be  laid  a  bed  of  clean  Cushion  Sand  as  described  under  "  Mate- 
rials of  Construction,"  which  shall  be  1  in.  thick  after  being  rolled  with  a  roller 
weighing  150  lb.  per  foot  of  width.  Before  being  rolled  this  bed  of  sand  shall  be 
brought  to  the  proper  elevation  and  crown  as  shown  on  the  plans  by  a  template 
of  a  shape  and  size  satisfactory  to  the  Engineer.  After  being  rolled  all  irre- 
gularities of  the  surface  shall  be  eliminated  and  the  sand  cushion  shall  be  brought 
to  the  exact  form  and  section  by  the  use  of  lutes  or  hand  templates. 

61.7.  Premoulded  longitudinal  expansion  joints  shall  be  placed  alongside 
each  curb  or  edging,  and  shall  conform  strictly  to  the  requirements  given  under 
"Materials  of  Construction." 

These  joints  must  extend  to  the  depth  of  the  brick.  No  transverse  joints 
shall  be  allowed.  The  material  should  be  made  into  strips  of  suitable  length  and 
of  the  required  depth  and  thickness  as  shown  on  plans  and  should  be  laid  in  the 
pavement  with  the  ends  closely  joined  as  the  bricks  are  being  laid. 

61.8.  On  the  sand  cushion  prepared  as  in  section  61.6  the  bricks  shall  be 
carefully  set  on  edge  with  the  best  edge  up,  shall  be  laid  straight  and  at  right 
angles  to  the  edging  line,  except  at  road  intersections,  where  they  shall  be  laid 
at  such  angles  as  directed  by  the  Engineer.  All  brick  shall  be  laid  with  the  lugs 
in  the  same  direction,  joints  shall  be  close  and  at  right  angles  to  the  tops  and 
sides.  Each  alternate  course  shall  be  commenced  with  a  half  brick.  No  half 
bricks  or  bats  shall  be  used  except  at  the  ends  of  courses,  and  no  bats  shall  be 
less  than  .3  in.  in  length  and  at  right  angles  to  the  courses.  All  joints  shall  be 
broken  with  a  lap  of  not  less  than  three  (3)  inches. 

When  laying  brick  on  a  street  or  road  used  in  conjunction  with  a  traction 
company  the  courses  shall  be  started  at  the  rails  and  laid  toward  the  curbs  or 
edgings. 

All  brick  shall  be  clean  when  placed  in  the  pavement.  Brick  which  in  the 
opinion  of  the  Engineer  are  not  satisfactorily  clean,  shall  be  washed  before  being 
placed. 

In  no  case  shall  the  sand  cushion  in  front  of  the  pavement  be  disturbed  or 
walked  on  during  the  laying  of  the  bricks. 

61.9.  After  a  sufficient  number  of  bricks  have  been  laid,  all  soft,  broken  or 
badly  misshapen  bricks  shall  be  marked  by  the  inspector  and  removed  by  the 
Contractor.  Any  bricks  slightly  spalled  or  kiln-marked  shall  be  turned  over,  and 
should  the  opposite  face  be  acceptable,  it  may  be  replaced  in  the  pavements 
otherwise,  it  must  be  removed. 

In  laying  brick  pavement,  the  inspector  shall  keep  the  bricks  culled,  and  the 
Contractor  shall  make  the  necessary  changes  and  replacements  so  that  the  work 
shall  at  all  times  be  ready  for  grouting  within  300  ft.  from  the  brick-laying. 

61.10.  After  all  objectionable  bricks  have  been  removed  from  the  pavement 
and  all  replacements  have  been  made,  the  pavement  shall  be  swept  clean  and 
thoroughly  rolled  with  a  self-propelled  tandem  roller  weighing  not  over  tons 
and  not  less  than  3  tons.  Horse  rolling  shall  not  be  permitted.  This  rolhng 
shall  start  along  the  outside  edges  and  progress  toward  the  center.  It  shall 
then  be  reroUed  diagonally  both  ways  until  the  surface  is  even.  After  final 
rolling  the  pavement  shall  be  tested  with  a  10-ft.  straight  edge  laid  parallel  with 
the  curb,  and  any  depression  exceeding  }/^  in.  shall  be  corrected  and  brought  to 
the  proper  grade.  All  bricks  disturbed  in  making  replacements  or  correcting 
depressions  shall  be  settled  into  place  by  ramming  or  by  reroUing.  All  gutter 
bricks  must  be  brought  to  grade  by  ramming. 

This  rolling  shall  start  along  the  outside  edges  and  progress  toward  the  center 
as  slowly  as  possible.  After  the  first  passage  of  the  roller,  the  pace  may  be 
quickened.  Portions  of  the  pavement  inaccessible  to  roller  shall  be  tamped  to 
grade  by  the  use  of  hand  tamper  applied  upon  a  2-in.  board. 

If  during  or  after  the  rolling  of  the  pavement  the  sand  cushion  shall  work  up 
between  the  brick  more  than  J^  their  depth,  the  brick  shall  be  taken  up  and  the 
sand  cushion  again  rolled  until  firm  enough  to  support  the  weight  of  the  brick 
and  roller.     After  final  rolling  all  broken  brick  must  be  replaced. 
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Each  section  of  pavement  must  be  acceptable  to  the  Engineer  before  the 
grouting  on  that  section  may  be  commenced. 

Grout.  61.11.  Grout  for  filling  the  joints  of  brick  or  block  pavements  shall  be  com- 

posed of  1  part  Portland  cement  and  1  part  grout  sand,  if  hand  mixed,  and  1  part 
Portland  cement  and  2  parts  grout  sand  if  machine  mixed. 

61.12.  The  box  for  hand  mixing  this  grout  shall  be  about  4  ft.  8  in.  long,  2 
ft.  6  in.  wide  and  1  ft.  2  in.  deep,  supported  on  legs  of  different  lengths  in  order 
that  the  mixture  shall  readily  flow  to  the  lowest  corner,  which  shall  not  be  more 
than  6  in.  above  the  pavement.  Any  approved  mechanical  grout  mixer  may  be 
used. 

61.1.3.  If  hand  mixed,  the  material,  not  exceeding  1  sack  of  cement  together 
with  a  like  amount  of  sand,  shall  be  placed  in  the  box  and  mixed  dry,  until  the 
mass  assumes  a  uniform  color.  Water  shall  then  be  added,  forming  a  liquid 
mixture  of  the  consistency  of  thin  cream  for  the  first  coat  and  slightly  thicker  for 
each  succeeding  coat.  From  the  time  the  water  is  applied  until  the  last  drop  is 
removed  and  floated  into  the  joints  of  the  pavement  the  mixture  must  be  con- 
stantly agitated. 

Spread-  61.14.  The  brick  shall  be  wet  to  the  satisfaction  of  the  Engineer  before  any 

ing  grout  is  placed.     The  grout  shall  be  removed  from  the  box  to  the  street  surface 

grout.        with  a  scoop  shovel  and  immediately  swept  into  the  joints,  the  mixture  in  the  box 
being  constantly  agitated  while  this  is  being  done. 

If  a  mixer  is  used,  as  soon  as  the  grout  is  deposited  upon  the  surface  it  must 
be  swept  into  the  joints.  The  work  of  grouting  shall  proceed  for  the  entire 
width  of  the  pavement,  working  from  the  sides  toward  the  center.  When 
sufficient  time  has  elapsed  for  the  grout  to  thoroughly  penetrate  all  the  joints, 
but  before  the  grout  has  begun  to  harden,  the  section  treated  shall  be  gone  over 
a  second  time  in  the  same  manner,  care  being  taken  to  thoroughly  fill  all  joints 
to  the  bottom  and  flush  with  the  top  of  the  brick.  If  necessary  to  secure 
.  flush  joints,  a  third,  fourth  or  fifth  coat  of  the  grout  shall  be  swept  in 
and  smoothed  off  with  a  suitable  squeegee.  The  squeegee  must  in  all  cases  be 
worked  at  an  angle  of  45°  with  the  joints. 

Care  shall  be  taken  to  so  conduct  the  grouting  that  no  part  of  any  joint  will 
receive  an  application  of  the  second  grout  until  the  first  is  satisfactorily  com- 
pleted, nor  of  the  third  until  the  second  is  completed,  etc.  To  insure  this  result 
metal  strips  j^ie  in.  by  6  in.  by  3  ft.  must  be  inserted,  for  the  full  length  of  the 
joint,  at  work  intervals;  all  of  the  several  applications  of  grout  must  be  com- 
pleted up  to  this  joint  before  any  grouting  is  begun  on  the  other  side  of  it. 

Cover-  61.15.  After  the  joints  are  thus  filled  flush  with  the  top  of  the  bricks  and 

ing.  sufficient  time  for  hardening  has  taken  place,   the  pavement  must  then   be 

sprinkled,  shortly  after  which  1  in.  of  suitable  material  shall  be  spread  evenly 

over  the  entire  surface,  and  be  kept  moist  for  a  period  of  at  least  10  days  and  until 

the  grout  has  thoroughly  hardened. 

During  this  period  the  section  grouted  must  remain  absolutely  free  from 

disturbance  or  traffic  of  any  kind.     Before  opening  for  traffic  this  cover  coat 

shall  be  completely  removed. 

Plaster-  61.17.  Wherever  railway  track  is  encountered  in  the  area  to  be  paved,  the 

ing  rails  shall  be  plastered  with  a  stiff  mortar  mixed,  1  part  of  Portland  cement  to  3 

rail.  parts  of  concrete  masonry  sand.     This  shall  be  used  to  completely  fill  under  the 

head  of  the  rail  on  both  sides  of  the  web.     When  this  is  done  no  deduction  will  be 

made  from  the  paved  area  for  the  area  of  the  rails  for  purposes  of  payment. 

Measure-        61.18.  The  quantity  of  pavement  to  be  paid  for  under  this  item  shall  be  the 

ment  and  number  of  square  yards  placed  in  accordance  with  the  plans  or  directions  of  the 

payment.  Engineer,  and  shall  be  computed  by  multiplying  the  actual  width  of  pavement, 

including  expansion  joints,  by  the  total  length  of  pavement  measured  along  the 

axis  of  the  road  and  parallel  to  the  surface,  except  that  the  area  of  manhole  covers 

and  catchbasins,  where  encountered,  shall  be  omitted.     The  price  bid  per  square 
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yard  shall  cover  the  sand  cushion,  paving  brick,  grout,  (except  Portland 
Cement),  material  for  expansion  joint,  sand  covering,  sprinkling,  and  all  other 
labor,  materials  and  incidentals  necessary  to  satisfactorily  complete  the  work. 

Item  61 — A 

The  specifications  for  this  item  will  be  the  same  as  those  given  under  Item  61 
and  entitled  "Brick  Pavement,  Type  1,"  except  in  the  following  details: 

Cement-Sand  Bed. — Not  less  than  10  days  after  the  concrete  foundation  has 
been  completed,  there  shall  be  spread  upon  this  foundation  a  bed  of  cement  and 
concrete  masonry  sand,  consisting  of  1  part  cement  and  4  parts  of  concrete 
masonry  sand  of  which  the  depth  shall  not  be  greater  than  1  in.  after  rolling. 
The  sand  and  cement  must  be  thoroughly  mixed  dry  before  placing  either  by  an 
approved  type  of  mixer,  or  by  hand,  on  a  mixing  board  or  pan.  The  materials 
shall  be  thoroughly  mixed  until  a  uniform  color  is  obtained  and  should  be  spread 
on  the  foundation  in  this  condition.  The  cement-sand  bed  shall  be  struck  off 
with  a  template  and  be  brought  to  the  exact  form  and  section  shown  on  plans 
to  the  required  depth  below  the  finished  grade.  After  the  bed  has  been  leveled 
off  it  shall  be  rolled  with  a  hand  roller  weighing  about  300  lb.  If  any  depres- 
sions develop  they  shall  be  filled  in  and  the  bed  again  leveled  and  the  rolling 
shall  be  repeated  as  many  times  as  are  necessary  to  compress  the  sand  bed. 
Tramping  upon  the  cement-sand  bed  is  prohibited.  The  inspector  must  keep  the 
brick  culled  and  the  Contractor  shall  make  the  necessary  changes  and  replace- 
ments so  that  the  work  at  all  times  shall  be  ready  for  the  grouting  within  100 
ft.  of  the  brick  line. 

All  brick  laid  must  be  rolled  ready  for  grouting  at  the  end  of  the  working 
period  and  each  day's  work  must  be  completed  in  full. 

Before  the  grouting  is  applied  the  rolled  biicks  shall  be  thoroughly  wet  by 
sprinkling.  It  is  important  that  the  bricks  be  well  wet  so  as  to  set  up  the  cement- 
sand  bed.  An  excess  of  water  over  that  required  and  taken  up  by  the  cement- 
sand  cushion  must  not  be  used.  The  operation  of  grouting  will  be  followed  as  for 
"Type  1." 

Payment  will  be  made  as  for  "Type  1"  except  that  it  will  also  cover  the 
cement-sand  bed  (except  Portland  Cement). 
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ASPHALT  BLOCK  PAVEMENT 


Asphalt  block  pavements  are  an  excellent  type  for  extremely  heavy 
Class  I  traffic  particularly  where  roads  of  this  class  pass  through  villages 
and  the  grades  are  not  steeper  than  about  4  per  cent.  The  pavement 
shows  a  smooth  uniform  surface  dustless  and  practically  noiseless.  Its 
life  probably  lies  between  15  and  20  years  depending  on  the  quality  of 
block.  Failures  that  occur  in  shorter  time  are  generally  due  to  inferior 
block.  The  quality  of  block  is  very  important.  A  mist  or  light  rain 
makes  the  pavement  very  slippery  on  grades  of  over  4  per  cent.  Within  a 
reasonable  freight  radius  of  the  point  of  manufacture,  this  pavement  costs 


Fig.   14G.-    .Vsphalt    block  on  high   class  residential  street.     State   Highway   connecting 

link  through  small  city. 


about  the  same  as  brick  for  original  construction.  It  is  used  as  a  surfacing 
on  both  concrete  and  macadam  bases.  This  type  of  pavement  should  be 
used  with  caution  on  macadam  bases  as  it  is  an  expensive  surface  and 
its  form  is  not  as  applicable  to  use 'on  top  of  macadam  as  the  sheet 
asphalt  type. 

The  asphalt  block  pavement  laid  on  New  York  State  Rural  Highways 
has  been  very  satisfactory.  The  proportion  of  ingredients  is  about  70 
per  cent  crushed  rock,  usually  trap,  which  has  passed  a  3'^-in.  ring,  about 
20  per  cent  limestone  dust  to  act  as  filler  and  approximately  10  per  cent 
of  asphaltic  cement,  molded  under  a  pressure  of  2  tons  per  square  inch 
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of  block  having  a  2-in.  depth.  This  produces  a  dense  asphalt  much 
superior  to  the  ordinary  sheet.  The  asphalt  used  is  Trinidad.  This  is 
refined  and  fluxed  so  that  the  resulting  A.C.  may  be  varied  as  to  adhe- 
siveness, penetration,  etc.,  to  meet  varying  conditions  peculiar  to  differ- 
ent localities.  The  penetration^is^made  high  enough  to  give  a  certain 
amount  of  pliancy  to  the  block,  to  avoid  crumbling  at  the  edges  and  to 
make  the  points  self-healing. 

The  use  of  blocks  containing  steel  anchors,  laid  across  the  road, 
approximately  15  ft.  apart,  has  eliminated  any  movement  of  the  block 
under  traffic.  These  blocks  are  placed  at  more  frequent  intervals  on 
curves.  Block  pavements  have  been  laid  using  a  longitudinal  row  of 
these  anchor  blocks  in  place  of  edging.  The  results  appear  satisfactory, 
although  under  these  conditions  it  is  probably  desirable  to  thicken  the 
base  at  the  edge  (see  Chap.  II). 
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Fig.  147. — Anchor  block  detail. 


After  the  base  is  prepared  a  mixture  of  1  to  4  Portland  cement  mortar 
is  spread  3^^  in.  thick.  This  mortar  bed  is  carefully  screeded  and  the 
block  laid  thereon,  joints  being  broken  at  least  4  in. 

An  interesting  comparison  with  brick  occurs  in  the  ''pinning  in" 
at  curbs.  Instead  of  bats  being  broken  by  hand,  a  large  mechanical 
shear  is  used.     Each  fractional  block  is  measured  and  cut  to  fit  exactly. 

After  being  laid,  the  pavement  is  given  a  light  coat  of  sharp  sand  which 
is  broomed  into  the  joints.     Traffic  is  permitted  in  4  or  5  days. 

Advantages. — ^The  pavement  shows  a  smooth,  uniform  surface, 
dustless  and  practically  noiseless.  Its  life  on  Rural  Highways  has 
yet  to  be  determined.  Pavements  that  have  been  down  10  or  15 
years  are  still  in  good  shape.  Within  a  reasonable  freight  radius  from 
the  point  of  manufacture,  it  can  be  laid  for  approximately  the  cost 
of  brick. 

Disadvantages. — A  mist  or  light  rain  makes  the  pavement  very 
slippery.     It  should  not  be  used  on  grades  over  4  per  cent. 
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Recommended  Design. — The  following  recommended  design  is  for 
conservative  practice  in  localities  having  a  gross  vehicle  load  limitation 
of  28,000  lb. 

dmenf  Concrete  Base  r.3:S-Mk-l"fhick  on  Ordinary  ..■■  Asphalt  Block  2"fhick(SandedJoink) 

Foundation  Soils.  G"to5'/2"on  Old  MacadanTjCoarse  Sand    /  f'/z^mmt  Sand  Cushion  I '-4  Mix  „ 

or Qravel Foundations -.     ,  ,        ,  ■'    ■      i-i'/   7rr.r,r^^^rJ^-    ^^ .,  {^"""'^^''sff'^djnside 

(SeeChap.?)  \     U--„ /<?Wo'- -  -  ^ ->  l'/-^/^ '^'^'7f'^^'P^W^'<'''^^l    "  W 'oMdeedpe 

Stone  Slag  or  Gravel-    ,    '^tprwbrAcCromX'perff:     /I 
Shoulders,  e'deep    ^^^rr^AV^^  .  "^    L  ^ 


■7^-,v^\y^-^V\'^,^;\VAK5^5*--Sy-~'     T^J     Underd rains  in 
Gravel  Sub-Base  O  '         ,,     /  ~7'^_3L     WetSoils, 

in  Wet  Soils  WeeTs  ocedSO' 

Gravel  Sub- Base  in  Wet  Soils  ' 

Any  necessary  depth  {See  Chap?j 

Fig.   148. — Recommended  design  asphalt  block. 

Suitable  Materials.^ — Materials  for  concrete  base  are  the  same  as 
discussed  under  asphaltic  concretes,  page  301. 

The  block  itself  being  a  manufactured  product  generally  laid  under  a 
guarantee  cannot  be  too  definitely  described  in  a  general  specification. 
It  is,  perhaps,  just  as  well  to  specify  trap  rock  stone  aggregate  where  this 
is  available  as  such  block  apparently  wear  considerably  better  than  the 
softer  limestone  blocks.  Well  manufactured  blocks  using  stone  aggregate 
with  a  per  cent  of  wear  of  5  or  less  will  probably  be  satisfactory;  the 
consistency  of  the  bituminous  binder  had  better  be  left  to  the  manu- 
facturer so  long  as  he  understands  the  traffic  and  climatic  conditions  to 
be  met.     An  example  of  the  ordinary  specifications  is  given  below. 

Amounts  of  Material. — Amounts  for  bases  are  the  same  as  given  under 
Asphaltic  Concrete  Pavements. 

Design. — The  design  of  base  thickness,  width  and  crown  is  the  same 
as  for  asphaltic  concretes,  page  306. 

Equipment  and  General  Methods. — Brick  paving  equipment  and 
methods  apply. 

Inspection  Details. — Inspection  is  essentially  the  same  as  for  brick 
pavement  work. 

NEW  YORK  STATE  SPECIFICATIONS 

Item  60 — Asphalt  Block  Pavement. — Approved  Trap  Rock 
Item    60A — Asphalt  Block  Pavement. — Approved  Lime.stone 

Work.  60.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a  properly 

prepared  foundation  asphalt  block  of  the  quality  specified  where  shown  upon  the 
plans  or  ordered  by  the  Engineer.     This  pavement  shall  be  placed  upon  the  old 
macadam,  old  concrete  pavement,  new  concrete  foundation  or  on  other  foun- 
dations as  ordered  by  the  Engineer  and  shown  upon  the  plans. 
Material.         60.2.  The  blocks  shall  be  5  in.  in  width,  by  12  in.  in  length,  by  2  in.  in  depth, 
and  a  variation  of  more  than  J-^  in.  in  length  or  3^^  in.  in  width  or  depth  from 
these  dimensions  will  be  sufficient  ground  for  rejecting  any  block. 
60.3.  The  blocks  shall  consist  of  the  following  materials: 
Asphaltic  cement. 

Approved  crushed  trap  rock  [item  60],  or  approved  crushed  limestone 
[item  60A]. 

Inorganic  dust. 
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Block 
com- 
position. 


Method. 


The  asphaltic  cement  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homogeneous 
solution. 

3.  It  shall  have  a  specific  gravity  at  77°F.  of  not  less  than  0.99. 

4.  It  shall  have  a  penetration  (77°F.,  100  g.,  5  sec.)  of  not  less  than  15  nor  more 
than  25. 

5.  It  shall  have  an  evaporation  loss  of  less  than  2  per  cent.  The  penetration 
(77°F.,  100  g.,  5  sec.)  of  this  residue  shall  be  at  least  50  per  cent  of  the  original 
penetration. 

6.  Its  solubility  at  air  temperature  in  carbon  disulphide,  for  the  following 
named  products,  shall  be  at  least  99.5  per  cent  for  pure  bitumen  products,  95.0 
per  cent  for  Bermudez  products,  81.0  per  cent  for  Cuban  products  and  66.0  per 
cent  for  Trinidad  products. 

7.  The  solubility  of  the  bitumen,  at  air  temperature,  in  76°B.  paraffin 
petroleum  naphtha  distilling  between  140°F.  and  190°F.  shall  be  between  65  and 
80  per  cent. 

8.  The  bitumen  shall  show  between  8  and  18  per  cent  fixed  carbon. 

9.  It  shall  show  an  open  flash  not  less  than  375°F. 

10.  It  shall  not  contain  more  than  4.7  per  cent  paraffin  scale. 

11.  It  shall  show  a  toughness  at  32°F.  not  less  than  10  cm.  Toughness  is 
determined  by  breaking  a'cylinder  of  the  material  1%  in.  in  diameter  by  1^^  in. 
in  height  in  a  Page  impact  machine  (A.  S.  T.  M.,  1908).  The  first  drop  of  the 
hammer  being  from  a  height  of  5  cm.  and  each  succeeding  blow  increased  by  5  cm. 

12.  It  shall  have  a  ductility  at  77°F.,  of  not  less  than  8  cm.  (Dow  mold). 

13.  All  asphaltic  cement  will  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  N.  Y. 

The  crushed  rock  for  coarse  aggregate  used  in  the  blocks  shall  be  crushed  from 
clean  hard  rock  and  shall  not  contain  any  soft  ingredients.  It  must  be  crushed 
so  that  every  particle  will  pass  a  screen  of  ^-^-in.  mesh. 

The  inorganic  dust,  or  filler,  shall  be  produced  from  sound  limestone,  and  shall 
be  powdered  to  such  a  fineness  that  all  of  it  shall  pass  a  30-mesh  sieve  and  not  less 
than  50  per  cent  of  it  shall  pass  a  200-mesh  sieve.  Sufficient  inorganic  dust  shall 
be  used  to  give  a  minimum  percentage  of  voids  in  the  block,  and  provide  a 
sufficient  medium  for  absorbing  the  asphalt  cement. 

60.4.  The  block  composition  shall  yield  not  less  than  8,  nor  more  than 
11  per  cent  of  bitumen,  when  extracted  with  carbon  disulphide. 

The  mineral  aggregate  of  the  blocks  shall  meet  the  following  mesh  analyses: 

Passing  No.  200  sieve  at  least,  per  cent 18.0 

Passing  No.  80  sieve,  retained  on  No.  200  sieve,  per  cent 12  to  18 

Passing  No.  40  sieve,  retained  on  No.  80  sieve,  per  cent 8  to  14 

Passing  No.  20  sieve,  retained  on  No.  40  sieve,  per  cent 8  to  16 

Passing  No.  10  sieve,  retained  on  No.  20  sieve,  per  cent 15  to  20 

Passing  j^-in.  sieve,  per  cent 100 

The  use  of  dust  coated  screenings  will  be  cause  for  rejection.  The  blocks  shall 
receive  a  compression  in  the  moulds  of  not  less  than  200  tons. 

The  blocks  shall  have  a  specific  gravity  of  not  less  than  2.45  for  trap  blocks, 
[Item  60];  or  not  less  than  2.30  for  approved  limestone  blocks,  [Item  60A]. 

After  having  been  dried  for  24  hours  at  a  temperature  of  150°F.,  the  blocks 
shall  not  absorb  more  than  0.75  per  cent  of  moisture  when  immersed  in  water 
for  7  days. 

The  average  penetration  of  a  block  shall  not  exceed  3'i  in.  when  tested  for 
1  min.  at  a  temperature  of  100°F.  with  a  cylinder  3^^  in.  in  diameter  loaded  with 
147  lb. 

60.5.  Upon  the  foundation  shall  be  spread  a  bed  of  the  thickness  shown  upon 
the  plans,  composed  of  1  part  Portland  cement  and  4  parts  sand,  thoroughly 
mixed  with  sufficient  water  to  make  a  stiff  paste. 
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This  mortar  bed  shall  be  struck  with  a  template  to  a  true  surface,  exactly 
parallel  to  the  top  of  the  proposed  pavement  surface  and  2  in.  below  it. 

The  blocks  shall  be  laid  while  the  mortar  is  fresh  and  before  it  has  begun  to 
harden.  All  depressions  and  other  irregularities  in  the  surface  shall  be  corrected 
by  the  Contractor  immediately. 

The  blocks  shall  be  laid  by  the  pavers  standing  upon  the  blocks  already  laid 
and  not  upon  the  bed  of  mortar. 

The  blocks  shall  be  laid  at  right  angles  with  the  line  of  the  street,  and  in  such 
a  manner  that  all  longitudinal  joints  shall  be  broken  by  a  lap  of  approximately 
four  inches.  The  blocks  shall  be  so  laid  as  to  make  the  lateral  joints  as  tight  as 
possible,  consistent  with  keeping  a  good  alignment  of  the  courses  across  the  street. 
When  thus  laid  the  blocks  shall  be  immediately  covered  with  clean,  fine  sand,  per- 
fectly dry,  and  screened  through  a  J^-in.  screen.  This  sand  shall  be  spread  over 
the  surface  and  swept  into  the  joints  and  be  allowed  to  remain  on  the  pavement 
not  less  than  30  days,  or  until  the  action  of  the  traffic  on  the  street  shall  have 
thoroughly  ground  the  sand  into  all  the  joints. 

On  grades,  curves  or  elsewhere  as  shown  on  the  plans  or  as  ordered  by  the 
Engineer,  blocks  containing  an  imbedded  anchor  of  iron  or  steel  of  an  approved 
shape  shall  be  furnished.  Steel  strips,  13^^  in.  wide,  J^^  in.  thick  and  from  2  to 
4  ft.  long  may  be  set  on  edge  between  courses  as  a  substitute  for  anchor  blocks. 
The.se  anchor  blocks  or  steel  strips  are  to  be  laid  in  .such  courses  and  at  such 
intervals  as  shown  on  plans  or  as  directed  by  the  Engineer.  Payment  for 
imbedded  metal  in  anchor  blocks  or  for  steel  strips  will  be  made  under  the  item 
"Miscellaneous  Iron  and  Steel." 

60.6.  The  materials  incorporated  into  blocks  shall  be  approved  by  the  Engi- 
neer, and  samples  of  all  materials  shall  be  sent  to  the  Bureau  of  Tests  and  they 
shall  pass  the  tests  required  by  this  Bureau  for  these  materials. 

60.7.  The  methods  of  work  and  materials  used  shall  at  all  times  be  subject 
to  the  inspection  and  supervision  of  the  Engineer  on  his  representative  upon 
the  work. 

Measure-  60.8.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
ment  and  square  yards  of  asphalt  block  laid  in  accordance  with  the  plans  or  as  directed 
payment,  by  the  Engineer.  The  price  bid  shall  cover  the  furnishing  and  placing  of  all 
materials,  (except  Portland  Cement),  mortar  bed,  and  all  labor  and  incidental 
expenses  necessary  to  complete  the  work.  Where  placed  upon  old  concrete 
foundation  or  upon  old  macadam  the  preparation  of  the  foundation  to  receive 
the  mortar  bed  will  be  paid  for  under  item  "Cleaning  Existing  Pavement" 
or  item  "Scarifying  and  Reshaping  Old  Macadam." 

Less  Used  Pavements. — ^The  text  on  the  following  pavements  is 
condensed  as  they  are  at  present  used  for  comparatively  small  yardage 
under  special  conditions.     The  specifications  give  essentials  (see  page  386). 

WOOD  BLOCK  PAVEMENTS 

Wood  block  can  very  rarely  be  used  to  advantage  on  rural  highways. 
In  exceptional  cases,  they  can  be  considered.  Specifications  are  given  on 
page  386. 

STONE  BLOCK  PAVEMENTS 

Stone  block  pavements  on  account  of  their  high  first  cost  and  some- 
what irregular  surface  uncomfortable  for  high  speed  traffic  are  generally 
specified  on  rural  highways  only  on  steep  grades  Class  I  traffic 
roads  where  the  normal  pavement  adopted  is  too  slippery  for  safety. 
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For  these  conditions  they  are  tlie  best  possible  and  most  economic  solution 
considering  service  and  final  cost.  Specifications  are  given  on  page 
388.  The  following  recommended  design  is  conservative  practice  for 
Class  I  roads. 

3'/i})r  4" Wood  Block  PavemenJ-     A^J'or  5'/4'5f one  Block  Pavemenf  j"CementSand  Cushion  /:4Mu. 

Joints  Bifummous  Filled   ,^  jointsCemeniSandOroaf/.-fH    /  Cmmt  Concrete  Base  I:  S'/fS Mix 
■^/JCemenlSand  Cushion  1 4Hix^\OrBituminous  Filled         \        ,'   /UniformThicknessStoe  SeeTable23Xf7ap.2 

Cement  Concrete  Base  l'2/i:SM/'x'\'  ,  '•    !     '    i/"d       u  j  a   l  ar  i  ■  i. 

Uniform  Thickness  6%  7y    ,    '■,  \  J      ,  ;    /     ;   J2  Presided  Asphalt  Expansion  Joint 


SeeTahle2?,Chap2--.."''.   \<^-\--l8h70 
.  '^-'.ACir'ArcCroivn  ^\CinArcCroivni  i 

'/zPremolded Asphalt Exp-Joint     ,:,\y//per/f:       U,  %"perft.':;,'' 

^"  ^isM^Y I ^HM 


''/,r4.iConcrelv Edging Qmde  \  °""„  'j^'yj^ 
7"     ^Cr  Grade 


^--  zi-wr.    -  -mv-'s^  I   -     Underdrain 

^  =  =  -^W^-  V  -y  •yAv4y/<>v/<,*-;y..i,Kp>?=  ^  =^  ^  inWetSoils 


Stone  Slag  or  Oravely^aydSub -Base  in  Wet  Soil  '  7"p',,t,u^ 

Shoulders  6  deep  ^  Any  Required  Depth  (See  Chap  2)  I  Weeps  spaced  30' 

WOOD  BLOCK        STONE  BLOCK 

Fig.   149. — Recommendecl  design.     Stone  and  wood  block. 


.Joint  Filler-  Cement  Grout  or  Bituminous  Mortar  as  specified 
^^    _^     K,/--^, lO'-o"- Y"'"/ lO'-o"-   :^    Edge  ffoundedto  ^  ..^^ 

"^  v'''M'^K-    i,  CjivnrhPavingBhck  \    r^/4Cemenf-SanolCusliion-l:3Mix 


B" 


'~^'i-f^X)/,'-j'i^S,{°\/\^y''h\-,v.^-iv//'^  6'&"HeaderCurb 

"^  For  Header  see  note  'VConcrete  Fbundationhsfi^K.      lobe  1:2:4  Mix. 

opposite  side  p„„„^^^4- a  i- ye  c     j  in  /i  Note  same  as  above 

'  &P  ^nprifirntlnna  Pavement  Art  75-5  and  II3-A 

see  Specifications  fr^^„^^^,^„  ^^^  j^^^^  7^.^ 

STONE    BLOCK 

Fig.   150. — Standard  section,  State  of  New  Jersey  (1922). 

Small  Stone  Block  Surfacing.^ — In  Germany,  Hungary,  Austria,  and 
England  a  surfacing  made  of  granite  blocks,  ranging  in  size  from  23-^  to 
4  in.,  has  been  used  successfully.  This  pavement  is  known  as  '"Klein- 
pfiaster"  in  German}^  and  as  "Durax"  armoring  in  England.  The  stone 
cubes  must  be  cut  with  considerable  accurac}^  in  order  to  give  a  smooth 
and  durable  surface. 

The  blocks  are  laid  on  a  thin  sand  cushion  of  about  ^s-in.  depth, 
on  either  a  macadam  or  concrete  foundation;  they  are  thoroughly  rammed 
to  give  a  firm  bearing  and  the  joints  filled  either  with  clean  sand  flushed 
in,  or  a  bituminous  filler.  The  joints  do  not  exceed  ^^i  in.  in  width. 
The  course  of  cubes  are  laid  either  diagonally  to  the  direction  of  the  traffic 
or  in  concentric  rings. 

Where  the  stone  is  broken  by  hand  the  cost  is  high  and  it  would  be 
impossible  to  consider  its  use  for  rural  roads  in  this  country.  A  machine^ 
has,  however,  been  developed  in  Europe  for  breaking  these  cubes  which  is 
claimed  to  produce  a  satisfactory  product  at  a  reasonable  rate.  It  is  a 
belt-driven  friction  drop-hammer  having  a  stone  chisel  mounted  on  the 
anvil;  the  hammer  head  is  shaped  like  a  stone-cutter's  sledge.  The  power 
needed  for  each  machine  is  about  1}^  hp. 

'  A  detailed  description  of  this  machine  is  given  in  Engineering  News,  March  27 
1912. 
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About  400  of  these  machines  are  in  operation,  and  a  plant  in  Sweden 
is  turning  out  700,000  sq.  yd.  of  pavement  per  year  with  62 
mafchines. 

Provided  the  stone  cube  surface  exclusive  of  base  can  be  laid  for  $2 
to  $3  per  square  yard,  it  seems  a  type  that  must  be  seriously  considered 
on  steep  grades  Class  I  traffic  particularly  for  resurfacing  old  pavements 
under  reconstruction  programs.  A  price  as  low  as  this,  however,  would 
probably  necessitate  the  use  of  convict  labor  in  the  manufacture  of  the 
cubes. 


Fig.   151. — Small  gninite  cube  pavement,  Brooklj-n  Navj'  Yard. 


McCLINTOCK  CUBE  PAVEMENTS 

This  is  a  patented  pavement  devised  by  J.  Y.  McClintock,  County 
Engineer  of  Monroe  County,  N.  Y.  The  patent  has  run  out  and  it 
is  available  for  use  without  the  drawbacks  of  patent  limitations.  It  is 
very  similar  to  "Kleinpflaster"  except  that  under  his  patent  artificial 
cubes  as  well  as  stone  cubes  are  proposed.  It  appears  to  be  a  very 
promising  type. 

The  construction  is  essentially  as  shown  in  Fig.  153  and  consists  of  a 
top  course  of  2\i-\n.  cubes  placed  on  a  thin  sand,  cement  sand  or  bitu- 
minous cushion  supported  by  either  a  macadam  or  concrete  base.  The 
cubes  have  been  made  of  concrete,  vitrified  paving  brick  material  and 
stone  as  in  Continental  practice. 

They  are  loaded,  hauled  and  dumped  like  broken  stone;  laid  in  close 
contact  by  means  of  a  pallet  and  rake  128  at  a  time  on  a  sand  cushion  3^^ 
to  }y'2  in.  thick,  no  care  being  taken  to  break  joints.     They  are  then 
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rolled  to  bring  to  an  even  and  firm  bearing;  the  joints  are  filled  with  a 
sandy  loam  and  the  surface  treated  with  a  light  coat  of  light  road  oil  or 
cold  tar  if  the  foundation  is  macadam.  The  joints  are  grouted  if  the 
foundation  is  concrete.     Temporary  shoulders  of  2-in.  plank  are  put  down 


Fig.  152. — Brick  cubes  on  gravel  base.     Eight  years  old. 

during  the  laying  of  the  cubes  after  which  they  are  removed  and  replaced 
with  broken  stone  or  gravel  as  shown,  in  Fig.  153. 

The  experience  of  the  past  thirteen  years  has  shown  that  this  form  of 
construction  using  a  sand-tarred  joint  is  flexible  under  frost  action  which 
makes  it  suitable  as  a  surfacing  on  a  macadam  base.     It  keeps  its  shape 


Gmve/orShne,    '^d  ^^^^es 
Shoulders 


•< 


Tlll.l.ll'i'l '^■i^iii''",'i'i,'i^"l'lliu,in 


^ 


/'   V  '  V-V 


'^  V  v";y — '7 — 5^ 


I      Macadam 
Foundaiion 
For  required  depths 
see  Table  17^  Chap.Z. 

Fig.   153. — Typical  section  cube  pavement  on  macadam  base. 

under  traffic  and  shows  no  tendency  to  ravel  or  break  down  at  the  edges 
and  can  be  successfully  held  with  a  macadam  or  gravel  shoulder  without 
the  formation  of  a  rut  along  the  edge  which  is  a  diflficulty  always  encount- 
ered where  a  rigid  edging  is  designed.  It  gives  a  satisfactory  surface 
in  both  wet  and  dry  weather  and  can  be  laid  late  in  the  season.  The  cube 
require  comparatively  little  inspection  and  can  be  successfully  used  as  a 
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patch  in  maintenance  with  simple  manipulations.  They  reduce  the 
tonnage  and  freight  cost  where  imported  materials  are  required.  The 
cubical  form  simphfies  laying  and  makes  a  well-balanced  block  to  resist 
rupture.  This  type  is  essentially  the  macadam  type  with  a  perfect 
shaped  macadam  unit,  the  cube.  Concrete  cubes  have  not  served 
satisfactorily,  failing  in  spots,  but  this  is  to  be  expected  as  it  is  not  a 
reliable  material  for  a  road  surfacing  of  this  nature  (that  is  for  such  small 
units).  Vitrified  shale  cubes  with  wide  sand  joints  laid  on  a  macadam 
base  have  shown  ability  to  stand  medium  traffic.     Vitrified  shale  cubes 


Fig.   154. — Laying  brick  cubes  by  means  of  pallet  (12S  cubes  at  a  time). 

with  close  tarred  joints  laid  on  a  thick  macadam  base  serve  very  satis- 
factorily under  moderately  heavy  traffic,  and  these  cubes  laid  on  a  con- 
crete foundation  and  grouted  meet  all  but  the  heaviest  traffic  satisfactorily. 

Consider  briefly  the  present  tendencies  in  highway  construction. 
There  are  two  distinct  types:  The  flexible  form  represented  by  the 
macadams  and  the  rigid  types,  such  as  brick,  asphalt,  stone  block,  etc., 
having  concrete  foundations.  Each  has  a  distinct  field  and  their  relative 
economy  depends  largely  on  the  traffic. 

It  is  sufficient  for  this  discussion  to  note  that  macadams  are  suitable 
for  fight  and  medium  traffic  (Classes  II  and  III);  that  they  are  able  to 
withstand  cHmatic  changes  better  than  the  rigid  pavements  and  that 
with  a  moderate  yearly  expenditure  they  can  be  kept  in  good  condition 
when  used  under  the  volume  of  traffic  stipulated. 

They  fail  either  under  high  velocity  traffic  or  heavy  hauling;  the  first 
being  a  surface  failure  and  the  second  a  foundation  failure  for  most  of  the 
roads  in  this  locality  but  a  surface  failure  for  some  which  have  a  thick 
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vvell-cousolidated  base.  That  is,  if  some  better  flexible  surface  can  be 
used  on  a  first-class  macadam  foundation,  this  type  of  road  will  be  able  to 
handle  a  heavier  volume  of  traffic  than  at  present  with  a  moderate  main- 
tenance charge.  The  indications  are  that  the  brick  cubes  with  sand-oiled 
joints  will  serve  this  purpose. 

The  rigid  roads  develop  defects  due  to  temperature  changes;  frost 
heave  and  the  settlement  of  fills.  Subsequent  movement  is  localized 
along  these  lines  and  eventually  expensive  repair  and  reconstruction  is 


Fig.  155. 


-Grouted  brick  cubes  10  years  old.     In  better  shape  than  adjacent  large  brick 

block. 


necessary.  Under  heavy  traffic,  however,  the  cost  is  less  than  for  the 
macadam  type  and  the  inconvenience  of  continual  repairs  is  avoided. 

The  first  cost  of  standard  rigid  pavements  is  so  high  that  designers 
often  hesitate  to  use  them  where  they  are  actually  needed.  If  it  were 
possible  to  reduce  the  cost  and  yet  obtain  practically  the  same  class  of 
improvement  a  larger  mileage  could  be  used  to  advantage. 

The  indications  are  that  the  brick  cubes  on  a  concrete  foundation 
will  serve  this  purpose  at  a  cost  considerably  less  than  the  present  paving 
brick. 

Highway  designers  do  not  hesitate  to  use  macadam  for  the  fight  traffic 
roads  or  expensive  rigid  constructions  for  the  extremely  heavy  traffic; 
the  great  mileage  that  lies  on  the  verge  of  either  form  of  construction 
offers  the  real  difficulty.  It  is  for  this  class  of  road  that  the  cubes  are 
particularly  adapted  by  reducing  the  cost  of  brick  and  increasing  the 

25 
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efficiency  of  macadam.  This  applies  also  to  the  resurfacing  of  con- 
crete and  macadam  roads  which  on  steep  grades  is  an  annoying  problem 
to  the  highway  engineer. 

The  author  believes  that  provided  this  type  fulfills  its  present  indica- 
tions that  it  will  meet  a  recognized  need  in  highway  construction  par- 
ticularly in  reconstructive  programs  and  for  this  reason  has  given  more 
space  than  perhaps  is  justified  to  a  method  which  has  not  been  tested 
out  by  a  large  mileage  of  construction. 

This  type  of  surface  compares  favorably  in  initial  cost  with  asphaltic 
concretes.     It  is  adaptable  to  manufacture  by  convict  labor. 

Item  59 — Wood  Block  Pavement 
(New  York  State  1922) 

Work.  59.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a  properly 

prepared  foundation  wood  block  of  the  quality  specified  where  shown  upon  the 
plans  or  ordered  by  the  Engineer. 

This  pavement  shall  be  placed  upon  the  old  macadam,  old  concrete  pavement, 
new  concrete  foundation  or  on  other  foundation  as  shown  on  the  plans  and 
ordered  by  the  Engineer. 

Material.  59.2.  The  blocks  shall  be  from  6  to  9  in.  long  and  shall  average  8  in.;  they 
shall  be  3  in.  in  depth  and  from  3  to  4  in.  in  width;  but  all  blocks  in  one  piece 
of  pavement  shall  be  of  uniform  width.  No  variation  greater  than  1{q  in.  shall 
be  allowed  in  the  depth  and  }■§  in.  in  the  width  of  the  blocks. 

59.3.  Blocks  shall  be  made  from  Southern  yellow  pine.  North  Carolina  pine, 
Norway  pine,  black  gum  or  tamarack;  only  one  kind  of  wood  however  shall  be 
used  in  one  piece  of  pavement. 

Yellow  pine  block  shall  be  made  from  what  is  known  as  Southern  yellow  pine, 
well  manufactured,  full  size,  saw  butted,  all  square  edges,  and  shall  be  free  from 
the  following  defects: 

Unsound,  loose  and  hollow  knots,  worm  holes  and  knot  holes,  through  shakes 
and  round  shakes  that  show  on  the  surface.  In  yellow  pine  timber  the  annular 
rings  shall  average  not  less  than  six  to  the  inch  and  shall  be  in  no  case  less  than 
four  to  the  inch,  measured  radially. 

Norway  pine,  gum,  North  Carolina  pine  and  tamarack  block  shall  be  cut 
from  timber  that  is  first-class  in  every  respect,  and  shall  be  of  the  same  grade  as 
that  defined  for  the  Southern  yellow  pine. 

59.4.  The  creosote  oil  with  which  the  blocks  shall  be  treated  shall  conform  to 
either  of  the  following  specifications,  designated  as  "A"  and  "B." 

The  preservative  to  be  used  under  this  specification  shall  be  a  product  of  coal 
gas,  water  gas  or  coke  oven  tar,  which  shall  be  free  from  adulterations  and  con- 
tain no  raw  or  unfiltered  tars,  petroleum  compounds,  or  tar  products  obtained 
from  processes  other  than  those  stated. 

Specification  "A" 

The  specific  gravity  shall  not  be  less  than  one  and  eight-hundredths  (1.08)  nor 
more  than  one  and  fourteen  hundredths  (1.14)  at  a  temperature  of  thirty-eight 
(38)  degrees  centigrade. 

Not  more  than  three  and  one-half  (3,^/^)  per  centum  shall  be  insoluble  by  con- 
tinuous hot  extraction  with  benzol  and  chloroform. 

On  distillation,  which  shall  be  made  exactly  as  described  in  Bulletin  65  of  the 
Railway  Engineering  and  Maintenance  of  Way  Association,  the  distillate,  based 
on  water  free  oil,  shall  not  exceed  one-half  (3'^)  of  one  (1)  per  centum  at  one 
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hundred  and  fifty  (150)  degrees  centigrade,  and  shall  be  not  less  than  thirty  (30) 
nor  more  than  forty  (40)  per  centum  at  three  hundred  and  fifteen  (315)  degrees 
centigrade. 

The  oil  shall  contain  not  more  than  three  (3)  per  centum  of  water. 

Specification  "B" 

It  shall  be  completely  liquid  at  thirty-eight  (38)  degrees  centigrade,  and  shall 
have  a  specific  gravity  at  that  temperature  of  not  less  than  one  and  three  hun- 
dredths (1.03)  nor  more  than  one  and  eight  hundredths  (1.08). 

It  shall  contain  not  more  than  two  (2)  per  centum  of  matter  insoluble  by  hot 
extraction  with  benzol  and  chloroform. 

On  distillation,  which  shall  be  made  exactly  as  described  in  Bulletin  No.  65 
of  the  American  Railway  Engineering  and  Maintenance  of  Way  Association,  the 
distillate  based  on  water  free  oil  shall  be  within  the  following  limits: 

At  210°C.,  not  more  than  5  per  cent. 

At  235°C.,  not  more  than  35  per  cent. 

At  315°C.,  not  more  than  85  per  cent. 

The  oil  shall  yield  a  coke  residue  not  exceeding  three  (3)  per  cent. 

The  distillate,  between  210°C.  and  235°C.,  shall  yield  solids  on  cooling  to 
15°C.     The  preservative  shall  contain  not  more  than  3  per  cent  of  water. 

Sampling  59.5.  The  manufacturer  of  the  oil  shall  permit  full  and  complete  inspection 
of  oil.  and  sampling  at  the  factory  at  which  the  oil  is  produced,  of  all  materials  either 
crude  or  refined,  entering  into  the  manufacture  of  the  finished  product  itself,  in 
order  that  the  materials  used  can  be  determined  to  be  in  accordance  with  the 
foregoing  requirements.  He  shall  also  submit  satisfactory  proof  of  the  origin  of 
all  materials  entering  into  the  composition  of  the  finished  product. 

Samples  of  the  preservative  taken  by  the  inspector  from  the  treating  tank 
during  the  progress  of  the  work  shall  at  no  time  show  an  accumulation  of  more 
than  2  per  cent  of  foreign  matter,  such  as  sawdust  or  dirt. 

59.6.  The  blocks  shall  be  treated  with  the  preservative  above  described,  so 

that   they   shall    contain  at  least  16  lb.  of  the  same  per  cubic  foot  of  timber, 

The  manufacturer  of  the  block  shall  equip  his  plant  with  all  necessary  gauges. 

appliances   and   facilities   to   enable   the   inspector   to   satisfy   himself   that   the 

requirements  of  the  specifications  are  fulfilled. 

Method.  59.7.  Upon  the  foundation  shall  be  spread  a  bed  of  cement  mortar  at  no  place 

less  than  }^  in.  in  thickness,  composed  of  one  part  Portland  cement  and 
four  parts  sand  thoroughly  mixed  dry.  This  mortar  bed  shall  be  struck  with  a 
template  to  a  true  surface  exactly  parallel  to  the  top  of  the  proposed  pavement 
surface  and  3  in.  below  it.  The  bed  shall  be  sprinkled,  immediately  in  advance 
of  the  block  laying,  with  clean  water  by  hand  sprinklers. 

59.8.  On  the  mortar  surface  prepared  as  described,  the  blocks  shall  be  laid 
with  grain  vertical  and  at  such  angles  with  the  curb  as  the  Engineer  may  direct. 
The  block  shall  be  laid  in  straight  and  parallel  courses  and  .set  loosely  together 
but  the  joints  shall  not  exceed  3^  in.  and  the  blocks  shall  not  be  driven  together. 
Each  course  of  blocks  shall  be  of  uniform  width  and  depth,  with  end  joints  broken 
by  a  lap  of  not  less  than  2|^^  in.  Only  whole  blocks  shall  be  used  except  in 
starting  courses,  cutting  clo.sures,  or  where  specially  permitted  by  the  Engineer. 
Expansion  joints  of  the  same  character  as  is  specified  for  "Brick  Pavements" 
shall  be  used  as  shown  on  the  plans  or  as  ordered  by  the  Engineer.  On  steep 
grades  or  elsewhere  as  shown  on  the  plans  or  as  ordered  by  the  Engineer,  iron  or 
steel  plates  shall  be  furnished,  inserted  and  .secured  in  the  transverse  joints. 
Such  plates  shall  conform  exactly  to  the  surface  of  the  paving.  Payment  for  them 
will  be  made  under  item  "  Miscellaneou.s  Iron  and  Steel." 

Closures  shall  be  carefully  cut  and  trimmed  by  experienced  men,  the  portion 
of  the  blocks  used  shall  be  free  from  defects  and  the  cut  end  shall  hava  a  surface 
perpendicular  to  the  top  of  the  block  and  cut  at  a  proper  angle  to  give  a  close 
joint.     In  laying  block  the  pavers  must  stand  on  the  block  previously  laid. 
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After  the  laying  is  completed,  defective  blocks  shall  be  carefully  culled  out, 
low  blocks  raised,  the  courses  carefully  aligned  and  the  blocks  spaced  up.  The 
pavement  shall  then  be  rolled  by  a  self-propelled  tandem  roller  weighing  not  less 
than  23-^  tons  nor  more  than  5  tons;  the  pavement  being  at  the  same  time  lightly 
sprinkled  and  the  rolling  continued  until  a  uniform  surface  is  obtained.  Upon 
the  completion  of  the  rolling  any  defective  blocks  shall  be  removed  and  be 
replaced  with  sound  blocks,  and  displaced  blocks  shall  be  realigned.  The  joints 
in  the  pavement  shall  then  be  immediately  filled  in  the  manner  hereinafter 
described.  If  deemed  advisable  by  the  Engineer,  portions  of  pavement  laid 
with  blocks  which  have  become  "dried  out"  shall  be  sprinkled  with  water  at 
frequent  intervals  before  joints  of  same  are  filled. 

59.9.  After  rolling,  the  blocks  shall  be  flushed  with  an  approved  bituminous 

filler  heated  to  at  least  300°F.,  which  shall  be  poured  over  the  whole  surface  and 

well  forced  into  the  joints  by  rubber  squeegees.     While  the  bituminous  filler  is 

still  hot  it  shall  be  immediately  followed  with  a  thin  coating  of  clean  dry  sand. 

Before  turning  traffic  onto  the  pavement  a  coating  of  J^  in.  in  thickness  of  dry 

screened  sand  shall  be  spread  over  the  entire  surface. 

Measure-         59.10.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 

ment  and  square  yards,  including  expansion  joints,  of  pavement  laid  in  accordance  with  the 

payment,  plans  and  as  directed  by  the  Engineer. 

The  price  bid  shall  cover  the  furnishing  and  placing  of  the  mortar  bed, 
(except  Portland  Cement),  wood  block,  bituminous  filler  and  sand  surfacing 
and  all  other  labor  and  incidental  expenses  necessary  to  complete  the  work. 

Item  62 — Stone  Block  Pavement. — Type  1 
Item  62A- — Stone  Block  Pavement. — Type  2 

Work.  62.1.   Under  this  item  the  Contractor  shall  furnish  and  place  upon  a  properly 

prepared  foundation  Stone  Block  pavement  of  the  quality  specified  below,  as 
shown  upon  the  plans  or  directed  by  the  Engineer. 

The  item  will  include  the  furnishing  and  placing  of  all  the  block,  sand  cushion, 
grout,  expansion  joints  and  all  material,  labor  and  other  expenses  incidental 
thereto,  but  will  not  include  the  concrete  foundation,  edging,  curbing,  manholes, 
catch  basins,  etc.,  which  will  be  paid  for  under  the  especially  designated  items 
therefor. 

Material.  62.2.  The  dimensions  of  granite  or  other  blocks  except  of  Medina  sandstone 
shall  be  as  follows:  Not  less  than  8  in.  nor  more  than  12  in.  long  on  top,  not 
less  than  3j^  in.  nor  more  than  43'^  in.  wide  on  top,  and  not  less  than  4^^  in. 
nor  more  than  b\'2,  in.  deep.  They  shall  be  dressed  so  that  after  laying  no 
measurement  of  any  joint  shall  show  a  width  of  more  than  3'^  in.  for  a  depth  of  1 
in.,  or  a  width  of  more  than  1  in.  in  any  part  of  the  joint.  The  head  of  the 
block  shall  be  so  cut  that  it  shall  not  have  a  depression  in  it  more  than  J^-in. 
deep,  and  the  edges  and  corners  must  be  full  unchipped  and  unbroken.  All 
blocks  shall  be  sorted  and  laid  in  straight  courses  of  uniform  width  and  depth. 

The  dimensions  of  the  Medina  sandstone  blocks  shall  be  as  follows:  Not  less 
than  8  in.  nor  more  than  13  in.  long  on  top;  not  less  than  3  in.  nor  more  than  b\^ 
in.  wide  on  top  and  not  less  than  6  in.  nor  more  than  7  in.  deep.  They  shall 
be  dressed  so  that  after  laying  no  measurement  of  any  joint  shall  show  a  width 
of  more  than  J'i  in.  for  a  depth  of  2J-2  in.  or  a  width  of  more  than  1  in.  in  any 
part  of  the  joint.  The  head  of  the  block  shall  be  so  cut  that  it  shall  not  have  a 
depression  in  it  more  than  %  in.  deep  and  the  edges  and  corners  must  be  full 
unchipped  and  unbroken.  All  blocks  shall  be  sorted  and  laid  in  straight  cour.ses 
of  uniform  width  and  depth. 

62.3.  The  blocks  shall  be  of  stone  of  mediunr  sized  grain  showing  an  even 
distribvition  of  constituent  material.  They  shall  be  of  uniform  ciuality  and 
texture,  without  seams,  scales  or  disintegration.  They  shall  be  made  from  rock 
'^which  when  tested  in  the  Deval  Rattler  will  show  a  "coefficient  of  wear"  of  more 
than  7  and  less  than  14.  All  blocks  for  any  one  contract  shall  Ije  from  the  same 
quarry  unless  otherwise  directed. 
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Method.  62.4.   On  the  prepared  foundation,  sufficient  clean  Cushion  Sand  as  described 

under  "  Materials  of  Construction"  shall  be  spread  to  such  a  thickness  that  after 
the  pavement  has  been  thoroughly  rammed  or  settled  the  sand  under  the  block 
shall  be  nowhere  less  than  1  in.  thick. 

Premoulded  longitudinal  expansion  joints  shall  be  placed  along  side  each  curb 
or  edging  and  shall  conform  strictly  to  the  requirements  given  under  "  Materials 
OF  Construction." 

These  joints  must  extend  to  the  depth  of  the  block.  No  transverse  joints  shall 
be  allowed.  The  material  should  be  made  into  strips  of  suitable  length  and  of  the 
required  depth  and  thickness  as  shown  on  plans  and  should  be  laid  in  the  pave- 
ment with  the  ends  closely  joined  as  the  block  are  being  laid. 

On  the  sand  cushion  above  specified  the  blocks  shall  be  set  vertically  on  edge 
in  close  contact  with  each  other,  and  in  straight  rows  across  the  road  at  right 
angles  to  the  curb,  except  at  intersections  or  curves,  where  the  angle  of  the  rows 
with  the  curb  shall  be  varied  to  meet  the  conditions.  Blocks  in  adjoining  rows 
shall  be  set  to  break  joints  not  less  than  3  in.  All  blocks  shall  be  set  so  that  when 
thoroughly  rolled  or  settled  to  a  firm,  unyielding  bearing,  they  will  then  be  true  to 
lines,  grades  and  cross-sections,  and  have  no  joints  greater  than  the  maximum 
allowable.  All  depressions  or  irregularities  in  the  surface  shall  be  corrected  to 
the  satisfaction  of  the  Engineer.  Only  practiced  and  competent  pavers  shall  be 
employed  in  laying  the  blocks. 

After  the  blocks  are  laid,  sufficient  approved  clean  gravel  shall  be  spread  over 
the  surface  and  swept  into  the  joints  so  as  to  fill  the  later  to  a  depth  of  about  2  in. 
from  the  bottom.  The  blocks  shall  then  be  thoroughly  rolled  until  firm,  with  a 
roller  weighing  not  less  than  6  tons,  even  and  true  to  the  lines,  grades  and  cross- 
sections.     Blocks  not  brought  to  true  surface  by  rolling  shall  be  rammed. 

Portland  cement  grout  mixed  in  proportions  of  1  part  cement  and  2  parts  sand 
shall  then  be  poured  into  the  joints  until  the  grout  flushes  to  the  surface  of  the 
pavement.  The  grout  shall  be  broomed  when  required,  and  the  pouring  and 
brooming  shall  be  continued  until  all  the  joints  are  thoroughly  filled,  and  the 
grout  is  even  with  the  highest  part  of  any  and  all  blocks.  Before  grouting  the 
blocks  shall  be  wet  by  sprinkling  or  otherwise.  Grout  shall  be  mixed  as  specified 
under  Item  61. 
Covering.  62.5.  After  grouting  shall  have  been  completed  and  the  grout  shall  have 
sufficiently  hardened,  a  coating  of  suitable  material  about  1  in.  deep  shall  be 
spread  over  the  whole  surface  of  the  grouted  pavement,  and  the  road  shall  then  be 
sprinkled  with  water.  This  covering  shall  be  kept  wet,  and  no  travel  of  any 
kind  shall  be  allowed  on  the  completed  pavement  for  at  least  10  days  thereafter, 
nor  until  the  grout  shall  have  thoroughly  set,  when  the  covering  shall  be  com- 
pletely removed. 

Measure-  62.6.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
ment  and  square  yards  of  pavement  within  the  edging  or  curbing  laid  in  accordance  with 
payment,  the  plans  and  as  directed  by  the  Engineer. 

The  price  bid  shall  cover  the  furnishing  and  placing  of  all  materials,  (except 
Portland  Cement),  the  spreading  of  sand  cushion,  the  laying,  rolling,  grouting, 
surfacing  and  all  labor  and  incidental  expenses  necessary  to  complete  the   work. 

Item  62 — A 

The  specifications  for  this  item  will  be  the  same  as  those  given  under  Item  62 
and  entitled  "Stone  Block  Pavement,  Type  1,"  except  in  the  following  details: 

Cement-Sand  BED.^Not  less  than  10  days  after  the  concrete  foundation  has 
been  completed,  there  shall  be  spread  upon  this  foundation  a  bed  of  cement  and 
concrete  masonry  sand,  consisting  of  1  part  cement  and  4  parts  of  concrete 
masonry  sand  of  which  the  depth  shall  not  bo  greater  than  1  in.  after  rolling. 
The  sand  and  cement  must  be  thoroughly  mixed  dry  before  placing  either  by  an 
approved  type  of  mixer,  or  by  hand,  on  a  mixing  board  or  pan.  The  materials 
shall  be  thoroughly  mixed  until  a  uniform  color  is  obtained  and  should  be  spread 
on  the  foundation  in  this   condition.     The  cement-sand   bed  shall  be    struck 
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off  with  a  template  and  be  brought  to  the  exact  form  and  section  shown  on  plans 
to  the  required  depth  below  the  finished  grade.  After  the  bed  has  been  leveled 
off  it  shall  be  rolled  with  a  hand  roller  weighing  about  300  lb.  If  any  depres- 
sions develop  they  shall  be  filled  in  and  the  bed  again  leveled  and  the  rolling  shall 
be  repeated  as  many  times  as  are  necessary  to  compress  the  sand  bed.  Tramping 
upon  the  cement-sand  bed  is  prohibited.  The  inspector  must  keep  the  block 
culled  and  the  Contractor  shall  make  the  necessary  changes  and  replacements  so 
that  the  work  at  all  times  shall  be  ready  for  the  grouting  within  100  ft.  of  the 
block  line. 

All  block  laid  must  be  rolled  ready  for  grouting  at  the  end  of  the  working 
period  and  each  day's  work  must  be  completed  in  full. 

Before  the  grouting  is  applied  the  rolled  block  shall  be  thoroughly  wet  by 
sprinkling.  It  is  important  that  the  blocks  be  well  wet  so  as  to  set  up  the  cement- 
sand  bed.  An  excess  of  water  over  that  required  and  taken  up  by  the  cement-sand 
cushion  must  not  be  used.  The  operation  of  grouting  will  be  followed  as  for 
"Type    1." 

Payment  will  be  made  as  for  "Type  1"  except  that  it  will  also  cover  the 
cement-sand  bed  (except  Portl.'Vnd  Cement). 


CHAPTER  IV 

MAINTENANCE  AND  RECONSTRUCTION 

Maintenance  is  more  a  matter  of  business  organization  than  it  is  of 
technical  engineering  knowledge.  Reconstruction  is  primarily  an 
engineering  proposition.  Effective  maintenance  methods  and  the  reason- 
able uses  of  different  materials  for  repair  have  been  quite  well  determined 
by  practice.  Existing  flaws  in  maintenance  practice  are  due  largely  to 
insufficient  funds  and  political  interference  with  the  personnel  of  the 
maintenance  organization.  Of  these  two  difficulties,  lack  of  funds  is  the 
most  serious.  Funds  are  a  legislative  tax  problem  and  a  proper  solution 
always  lags  behind  the  necessities  of  the  situation.  For  years,  engineers 
have  warned  legislative  bodies  that  more  adequate  provision  must  be 
made  for  repair  but  active  steps  to  provide  such  funds  have  been  slow 
in  developing.  This  is  natural  as  it  is  difficult  for  a  non-technical  man 
to  appreciate  the  necessity  before  he  has  some  physical  evidence  to 
support  the  statement  and  such  evidence  is  only  furnished  by  roads 
which  have  gone  to  pieces.  Modern  conveniences  cost  money  and  no 
expedient  has  yet  been  devised  to  avoid  "paying  the  piper."  At  the 
present  time,  the  necessity  for  more  adequate  sums  is  receiving  popular 
attention  and  support  in  states  having  improved  systems  of  an  average 
age  of  10  years  or  more  and  there  is  every  indication  that  remedial  action 
will  be  taken.  Improved  highways  have  demonstrated  their  worth  so 
thoroughly  that  there  is  no  danger  of  any  community  permitting  them 
to  continue  permanently  in  poor  condition.  Reasonable  legislative 
action  depends  on  engineering  estimates  of  maintenance  and  renewal 
costs. 

Maintenance  and  Renewal  Costs. — There  are  two  general  classes  of 
estimate. 

(a)  For  drafting  a  general  legislative  tax  program. 

(6)  Yearly  budget  estimates. 

The  first  type  of  estimate  requires  consideration  of  future  conditions. 
The  second  class  states  definitely  the  immediate  requirements  of  the 
situation.  The  first  class  of  estimate  is  subject  to  considerable 
uncertainty  on  account  of  fluctuating  labor  and  material  costs,  change  in 
traffic  volume,  spasmodic  maintenance,  control  of  truck  loading  and 
speed,  etc.  but  a  reasonably  close  approximation  can  be  derived  by  an 
experienced  maintenance  man.  The  yearly  budget  estimates  are  an 
easy  definite  proposition  as  they  are  based  on  actual  physical  evidence. 
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Legislative  Tax  Estimates. — Reliable  estimates  of  the  future  cost  of 
maintenance  and  renewal  depend  more  on  personal  knowledge  and 
personal  records  of  an  experienced  engineer  than  they  do  on  the  exact 
application  of  official  published  reports  of  maintenance  costs.  Students 
may  well  bear  in  mind  that  the  usvial  official  report  on  maintenance 
expenditure  is  a  broad  average,  subject  to  misinterpretation  due  to 
inaccuracies  of  bookkeeping,  inadequate  strength  of  some  of  the  pave- 
ments, spasmodic  appropriations  for  maintenance,  difference  in  age  of 
pavements,  difference  in  volume  of  traffic,  etc.  If  due  allowance  is 
made  for  these  factors,  the  values  finally  adopted  often  depart  consider- 
ably from  published  figures. 

Table  30,  page  392,  gives  a  basis  for  future  cost  estimates  which  can 
be  used  with  assurance  of  reasonable  accuracy  for  conditions  similar  to 
New  York  State.  This  is  a  conservative  estimate  assuming  average 
conditions  of  efficiency.  If  the  roads  are  designed  of  adequate  strength 
and  are  maintained  under  an  unusually  effective  system  of  appropriation 
and  personnel,  the  maintenance  and  renewal  costs  could  probably  be 
reduced  about  20  to  30  per  cent,  see  Table  37,  page  416.  The  data  was 
derived  as  follows: 

In  order  to  avoid  as  much  as  possible  needless  inaccuracies,  this 
discussion  is  based  on  careful  analysis  of  the  records  of  Division  7, 
N.  Y.  State  Department  of  Highways  of  which  the  author  has  personal 
knowledge,  supplemented  by  general  State  Reports  of  New  York  and 
Massachusetts.  The  data  is  analyzed  in  two  ways.  First:  Reported 
average  costs  are  modified  for  average  conditions  of  age,  strength, 
volume  of  traffic  and  effectiveness  of  maintenance.  This  gives  a  good 
basis  for  future  estimates  under  prevailing  conditions.  Second :  Typical 
individual  roads  are  selected  which  we  know  are  adequate  in  strength 
and  have  received  moderately  good  attention;  the  costs  for  these 
special  roads  are  tabulated.  This  method  indicates  what  can  be  done 
under  good  supervision  with  adequate  funds.  Division  7  is  selected  for 
analysis  as  it  has  been  used  throughout  this  series  to  illustrate  the  prac- 
tical application  of  theories  of  finance,  type  selection,  traffic  volume,  etc. 

Yearly  Costs  Per  Vehicle  Mile. — The  costs  given  in  Table  30 
expressed  in  terms  of  vehicle  miles  may  be  roughly  approximated  as 
follows : 

Table  30A 


Class  of  traffic 

Assumed  average 
daily  volume 

Average  cost 
of  maintenance 
and  renewal  per 

vehicle  mile 

Average  cost 
of  interest  main- 
tenance and  renewal 
per  vehicle  mile 

Class  I 

Class  II 

4,000 

1,500 

600 

200 

$0,002 
0.003 
0.005 
0.007 

.?0.003 
0  006 

Class  III 

0  008 

Class  IV 

0.014 
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The  saving  in  traffic  operation  cost  due  to  well  maintained  hard 
surfaced  roads  is  probably  about  $0.01  per  ton  mile  which  indicates 
that  modern  improved  roads  can  probably  be  justified  by  economic 
travel  return  for  volumes  of  traffic  of  over  300  daily  but  that  for  traffic 
of  less  than  this  amount  other  more  indirect  benefits  must  be  considered 
to  justify  hard  surfaced  year  round  pavements.  (See  also  Fig.  6,  page 
24,  Chap.  I.) 

Basis  Conditions  Division  No.  7,  N.  Y.  State  Dept.  of  Highways. — This 
Division  includes  six  counties  in  Western  N.  Y.  having  an  area  of  3,600 
square  miles  an  assessed  valuation  1920  of  approximately  $523,000,000, 
a  total  motor  vehicle  registration  1920  of  58,000,  a  total  road  mileage  of 
6,700  miles.  At  present  there  are  870  miles  of  State  Improved  Roads 
under  maintenance  and  the  following  analysis  is  based  on  official  cost 
reports  for  this  mileage,  modified  by  personal  knowledge  of  conditions. 
The  executive  personnel  of  this  division  has  been  excellent;  it  is  as  free 
from  objectionable  political  interference  as  any  locality  is  likely  to  be. 
There  is  no  great  frequency  of  overloaded  truck  traffic.  The  main 
difficulty  has  been  lack  of  adequate  funds.  Table  31  shows  at  a  glance 
that  due  to  lack  of  funds  and  average  age,  the  maintenance  costs  as 
reported  must  be  modified  if  used  as  a  basis  for  long  time  legislative  pro- 
grams.    Table  30  shows  the  necessary  modified  values. 

Independent  Check  on  Essential  Correctness  of  Table  30  for  Legislative  Estimate 
Purposes. — Taljle  30  was  built  up  from  a  detailed  study  of  yearly  maintenance  figures 
and  records  of  pavement  durability.  In  order  to  check  these  results,  the  following 
test  was  made,  approaching  the  problem  from  an  entirely  different  angle  based  on 
independent  data.  The  essential  agreement  of  the  two  methods  indicates  that  the 
data  given  in  Table  30  is  a  safe  base  for  territory  similar  to  Western  New  York.  The 
following  tabulation  and  foot  note  are  self  explanatory. 
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Division  7  New  York  State  Highways 
(Average  Traffic  Conditions  Class  II) 

Tabular  Comparison  of  Reasonable  Estimated  Requirements  for    Mainte- 
nance AND  Renewal  Based  on  Table  30  (Class  II  Traffic)  as  Com- 
pared WITH  Actual  Appropriation  Expenditures 


Miles  of 

road  under 

maintenance 

Table  30 

Estimated 

Actual 

Year 

normal  re- 
quirements per 
mile  per  year 

normal  yearly 

requirements 

Table  30 

appropriations 
maintenance 
and  renewal 

19141 

510 

$1,100 

$       600,000 

$     360,000 

1915' 

590 

1,200 

700,000 

376,000 

1916' 

660 

1,300 

900,000 

330,000 

1917 

690 

1,600 

1,100,000 

606,000 

1918 

720 

1,700 

1,200,000 

1,071,000 

19192 

750 

1,800 

1,400,000 

674,000 

1920 

780 

1,900 

1,500,000 

874,000 

1921 

840 

1,800 

1,500,000 

1,080,000 

1922 

860 

1,800 

1,600,000 

1,200,000 

Totals .  .  . 

$10,500,000 

$6,571,000 

'  Table  30  modified  for  prewar  price  scale. 

-  Emergency  war  appropriation  (army  truck  damage). 

This  table  indicates  that  in  8  years  actual  appropriations  have  lagged  behind 
reasonable  upkeep  requirements  $4,000,000. 

Table  31,  page  396,  shows  that  in  Jan.,  1923,  the  reconstruction  program  for 
worn  out  surface  is  7  years  behind  normal  renewal  for  waterbound  and  4  years  behind 
normal  renewal  for  bituminous  macadams  and  that  to  bring  the  system  up  to  reason- 
able standard  300  miles  should  be  immediately  resurfaced.  Such  work  will  cost 
approximately  $14,000  to  $22,000  per  mile  or  a  total  of  approximately  $5,000,000 
which  checks  the  deficit  in  appropriations  obtained  by  the  application  of  Table  30 
to  this  district. 

The  data  is  analyzed,  pages  398  to  415,  for  effect  of  strength,  age  and 
traffic  volume.  The  use  of  Table  30  in  connection  with  legislative 
tax  estimate,  Division  7,  is  illustrated  for  the  benefit  of  the  student  on 
page  49.  Chap.  I. 
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Analysis  of  Maintenance  Costs.  Traffic  Cla.ssification  (Table  32). 
The  basic  factor  of  maintenance  costs  is  volume  and  character  of  traffic. 
Table  32  classifies  the  roads  according  to  classification  map  shown  in  the 
Frontispiece  which  was  prepared  by  study  of  our  short-time  traffic  counts 
modified  by  common  sense  as  discussed  on  page  44  of  the  first  book  of 
this  series  "Highway  Location." 

Class  I  traffic 2,000  or  more  vehicles  daily  (10-hour  count  in  summer). 

Class  IIA  traffic 1,500-2,000  (10-hour  count  in  summer). 

Class  II  traffic 800-1,500  (10-hour  count  in  summer). 

Class  III  traffic 300-800  (10-hour  count  in  summer). 

The  outstanding  conclusions  from  Table  32  are  as  follows: 

1.  The  maintenance  data  on  the  macadam  types  for  this  district 
should  be  fairly  conclusive  as  there  is  enough  milage  at  a  great  enough 
age  to  mean  something. 

2.  The  maintenance  costs  for  the  rigid  types  are  not  yet  at  all  con- 
clusive and  are  probably  far  under  normal  considering  age  and  traffic 
volume. 

3.  Waterbound  macadams  are  in  the  main  serving  slightl}^  more 
traffic  than  recommended  for  this  type. 

4.  Bituminous  macadam  is  apparently  serving  about  the  proper 
volume  for  this  type. 

5.  Cement  concrete  is  serving  considerably  less  volume  than  recom- 
mended for  this  type. 

6.  Brick  is  serving  somewhat  less  volume  than  is  desirable  for  this 
type. 

7.  Stone  block  has  been  selected  for  footing  on  steep  hills.  Volume 
of  traffic  has  no  bearing. 

8.  Asphaltic  concretes  are  in  the  main  serving  somewhat  less  than 
a  reasonable  volume  of  traffic  for  this  type. 

Strength  of  Existing  Pavements  Division  7. — According  to  the  best 
judgment  of  the  engineering  force  in  the  division  based  on  observation  of 
the  resistance  of  the  existing  pavements  to  traffic  action  the  strength  of 
the  different  types  may  be  classed  as  follows: 

Waterbound  macadam Noticeably  weak  due  to  a 

large  mileage  of  old  thin 
roads. 

Bituminous  macadam Moderately  good  due  to  a 

larger  per  cent  of  more 
recent  design. 

Asphaltic  concretes  on  macadam Moderately  good. 

Asphaltic  concretes  on  concrete Adequate  with  a  few  ex- 
ceptions. 

Cement  concrete  (1:2:4  mix  or  better) Slightly  low. 

Brick  on  concrete Adequate. 

Stone  block  on  concrete Adequate. 
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These  results  appear  in  Column  8,  Table  31,  page  396. 

Recent  designs  which  approximate  the  recommended  depths  developed 
in  Chap.  II  seem  adequate  for  traffic. 

Effect  of  Traffic  Volume. — Records  in  this  regard  are  meager.  Table 
33,  Division  7  and  33 A  (New  York  State)  shows  a  start  along  these  lines 
but  the  figures  are  not  very  convincing  as  records  of  soil  conditions, 
adequate  original  strength,  and  relative  age  of  pavements  are  not  considered 
and  the  finance  bookkeeping  methods  were  not  devised  with  the  idea  of 
enough  subdivisions  to  give  extremely  accurate  records  for  a  tabulation 
of  this  kind.  It  is  therefore  necessary  to  use  considerable  judgment  in 
assigning  rational  values  to  this  factor  of  cost.  According  to  our  best 
judgment,  a  conservative  set  of  yearly  maintenance  costs  under  different 
volumes  of  traffic  for  the  most  used  types  is  given  in  Tables  30  and  31. 
One  of  the  outstanding  features  of  Table  33  is  the  high  cost  of  shoulder 
maintenance  on  Class  I  traffic  indicating  that  16-ft.  width  of  pavement  is 
poor  economy  under  such  traffic. 
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Table  33. — Tabular  Costs  Effect  of  Traffic  Summarized,  Division  7 

New  York  State. 


16-Ft.  Waterbound  Macadam 
Average  Age  10  Years 


Mileage 

Guard  rails, 

ditches, 

shoulders,  etc., 

maintenance 

per  mile 

Pavement  maintenance,  5-year 
average,  1917-1922 

Per  mile 

Per  square 
yard 

Class  I  traffic' 

3.0 

36.0 

100.0 

64.5 

$300 
160 
110 
110 

$900 
950 
600 
600 

$0  095 

Class  II  traffic' 

Class  III  traffic 

0.100 
0  065 

Class  IV  traffic 

0.065 

16-Ft.  Penetration  Bituminous  Macadam 
Average  Age  9  Years 


Class  I  traffic' 

Class  II  traffic' 

22.3 
38.1 
29.1 
41.7 

$250 
200 
180 
120 

$340 
615 
400 
310 

$0,036 
0  065 

Class  III  traffic 

Class  I V  traffic 

0.043 
0.034 

16-Ft.  First  Class  Concrete 
Average  Age  6  Years 


0 

17.55 

8.6 

3.5 

$100 
170 
140 

$37 
10 
21 

Class  II  traffic 

Class  III  traffic 

Class  IV  traffic 

$0,004 
0.001 
0.002 

16-Ft.  Brick 
Average  Age  9  Ye.vrs 


Class  I  traffic 

0 
3.4 

4.4 
0 

$150 
80 

$  91 
161 

$0.01 

Class  III  traffic 

Class  IV  traffic 

0.017 

16-Ft.  Asphaltic  Concrete,  Macadam  Base 
Average  Age  6  Years 


1.1 
0.8 

0 

0 

$210 
130 

$930' 
130 

$0,100' 

Class  II  traffic 

0  014 

Class  III  traffic 

Class  IV  traffic        .                   

16-Ft.  Asphaltic  Concrete,  Cement  Concrete  Base 
Average  Age  7  Years 


3.2 
7.1 
7.5 
0 

$170 

160 

90 

$530' 
120 
140 

$0,057' 

0.013 

Class  III  traffic 

0.015 

Class  IV  traffic 

'  Includes  effect  of  army  truck  traffic  1918. 

Note. — Shoulder  maintenance  high  on  Class  I  as  16-ft.  width  is  too  narrow  for  this  volume  of 
traffic. 
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Division  7,  Jan.  25,  1923. 
Average  Cost  of  Maintenance  for  Different  Types  of  Pavement  for  Past 
Five  Years  by  Traffic  Classification 


Roads  having  less  than  500  vehicles  per  12-hour  day 


Type 


Miles, 
average 
number 
1918  to 
1922  in- 
clusive 


Average  cost  per  mile  1918  to  1922  inclusive 


Pavement  only 


1918  1919  1920    1921    1922 


Total  expense  exclusive 

of  resurfacing  or 

reconstruction 


1918  1919  1920     1921     1922 


Gravel 

Waterbound  macadam 

Bituminous  macadam,  mixed 

method  on  macadam  base 

Bituminous  macadam,  penetration 

method 

Bituminous  macadam,  mixed 

method  on  concrete  base 

Second     class     concrete,     Hassam 

concrete 

Brick 

First-class  concrete 


2.87 
64,46 


41.68 

0 

3.98 
0 
3.48 


S676 
705 


261 


779 

None 


$400 
601 


269 


565 

None 


$143  $     564  $294 
449         772!   626 


185 


411 


769    1 ,  007 


None 


415 


377 
102 


$750  $502!  $244  $     642 
784     678    572         887 


332 


822 

None 


340 


659 

None 


311 


858 
None 


$342 

771 


1,112 
166 


630 

546 


Division  7,  Jan.  25,  1923. 
Average  Cost  of  Maintenance  for  Different  Types  of  Pavement  for   Past 
Five  Years  by  Traffic  Classification 

Roads  having  between  500  and  1,000  vehicles  per  12-hour  day 


Type 


Miles, 
average 
number 
1918  to 
1922  in- 
clusive 


Average  cost  per  mile  1918  to  1922  inclusive 


Pavement  only 


1918 

1919 

1920 

1921 

$634 

$550 

$579 

$613 

541 

326 

394 

261 

186 

29 

11 

108 

766 

978 

36 

49 

61 

286 

53 

369 

0 

13 

4 

4 

1922 


Total  expense  exclusive 

of  resurfacing  or 

reconstruction 


1918 


1919 


1920 


1921 


1922 


Gravel 

Waterbound  macadam 

Bituminous  macadam,  mixed  method 
on  macadam  base 

Bituminous  macadam,  penetration 
method 

Bituminous  macadam,  mixed  method 
on  concrete  base 

Second-class  concrete,  Hassam  con- 
crete   

Brick 

First-class  concrete 

26 


0 
100.44 

0 

29.09 

7.46 

6.05 
4.35 
8.61 


$596  $721 


439 
376 


637 
268 


49  104  888 
40  272 
36      66 


$     643 


424 

121 

1,095 

365 

83 


$688 


645 


296 

130 

72 


$702 


420 

159 

183 
403 
286 


$764 


680 

495 

248 

55 

374 


402 


RURAL  HIGHWAY  PAVEMENTS 


Divison  7,  Jan.  25,  1923. 
Average  Cost  of  Maintenance  for  Different  Types  of  Pavement  for  Past 
Five  Years  by  Traffic  Classification 

Roads  having  between  1,000  and  2,000  vehicles  per  12-hour  day 


Miles, 
average 
number 
1918  to 
1922  in- 
clusive 

Average  cost  per 

mile 

1918  to 

1922 

inclusive 

Type 

Pavement  only 

Total  expense  exclusive 

of  resurfacing  or 

reconstruction 

1918 

1919 

1920 

1921  1922 

1918 

1919 

1920 

1921 

1922 

0 
35.77 

0.78 

38.12 

7.10 

6.54 
3.42 

17.55 

$2 
1 

1 

709 

0 

540 

56 

383 

218 

36 

$528 

0 

547 

32 

144 
139 

28 

$422 
71 

228 

140 

84 
27 
21 

$589 

350 

400 

192 

287 
29 
33 

$541 
208 
363 
165 
398 

$2,789 

0 

1,625 

98 

1.574 

$621 

0 

634 

135 

?43 

$584 
340 
504 
267 
150 

$802 

390 

638 

697 

520 
256 
162 

$793 

Bituminous     macadam,     m  i 

X  e  d 

560 

Bituminous  macadam,  penetration 

618 

Bituminous     macadam,     m  i 

X  e  d 

209 

Second-class  concrete,  Hassam  con- 

552 

Brick     

4i:        378 

68 1        108 

1^17 

98 

?A?. 

106 

96 

193 

Division  7,  Jan.  25,  1923. 
Average  Cost  of  Maintenance  for  Different  Types  of  Pavement   for  Past 
Five  Years  by  Traffic  Classification 

Roads  having  over  2,000  vehicles  per  12-hour  day 


Type 


Miles, 
average 
number 
1918  to 
1922  in- 
clusive' 


.\verage  cost  per  mile  1918  to  1922  inclusive 


Pavement  only 


1918    1919  1920    1921    1922 


Total  expense  exclusive 

of  resurfacing  or 

reconstruction 


1918 

1919 

1920 

1921 

$     873 

$619 

$1,041 

$2,465 

4,350 

455 

424 

470 

704 

355 

255 

567 

1,767 

418 

254 

6oo 

Gravel 

Waterbound  macadam 

Bituminous  macadam,  mixed 
method  on  macadam  base. 

Bituminous  macadam,  pene- 
tration metliod 

Bituminous  macadam,  mixed 
method  on  concrete  base.  . 

Second-class  concrete,  Has- 
sam concrete 

Brick 

First-class  concrete 

1  Army  truck  traffic. 


0 
2.95 

1.07 

22.27 

3.20 

0 
0 
0 


$     773 

4,250 

605 

1,733 


$519 
356 
255 
330 


$793 


108 
161 


$2 , 009 

39 

359 

227 


$383 

0 

371 

199 


$911 
517 
567 
571 
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Table  33A. — Tables  Showing  Average  Cost  of  Maintenance  of  Various  Tvpes 
OF  Pavement  Classified  According  to  the  Amount  of  Traffic 


1918  to  1922  inclusive  (New  York  State) 


Amount  of  traffic  per  12-hour  day 
summer  months 


Miles 


Cost  of  maintenance  per  mile  per  year 


Pavement  only         Total  maintenance 


Gravel  Pavement 

110.76 

31.49 

6.62 

O.GO 

$584 
721 
675 

824 

$622 

$737 

500  to  1,000     

924 

1,000  to  2,000    

872 

Over  2,000 

983 

Total 

149.47             Average 

$785 

Waterbound  Macadam 


Less  than  500 . 

500  to  1,000. 

1,000  to  2,000. 

Over  2,000    .  . . 


Total . 


1,111.72 

763.26 

360.12 

38.51 

2,273.61 


$551 
652 
692 
881 


Average 


$658 

843 

897 

1,110 

$766 


Bituminous  Macadam, 

Penetration  Method 

947.41 

1,050.61 

798.03 

317.09 

$303 
355 
409 
646 

$429 

500  to  1 ,000   

499 

1 ,000  to  2,000 

612 

Over  2,000 

889 

Total 

3,113.14 

Ave 

rage         $382 

$547 

Mixed  Bituminous  Macadam  on  Macadam  Base 


Less  than  500 . 

500  to  1,000. 

1,000  to  2,000. 

Over  2,000    ..  . 


Total. 


12 

87 

5 

90 

7 

48 

17 

89 

44.14 


$375 
513 
302 

544 


Average         $449 


$473 
612 
484 
913 

$673 


Mixed  Bituminous  Macadam  on  Concrete  Base 


Less  than  500 . 

500  to  1,000. 

1,000  to  2,000. 

Over  2,000 


Total. 


$300 
231 
298 
336 

$293 


Hassam  Pavement  and  Second  Class  Concrete 

47.79 
84.71 
57.97 
21.88 

$532 
495 
545 
474 

$759 

500  to  1,000 

675 

1,000  to  2,000 

768 

Over  2,000         

728 

Total           

212.35             Ave 

rage         $517 

$724 

Brick  Pavement 


Less  than  500 . 

.500  to  1,000. 

1,000  to  2,000. 

Over  2,000 


Total. 


31.35 
64.33 
62.69 
87.77 


246.14 


Average 


$165 


109 
279 


$174 


$414 
199 
219 
493 

$337 


First  Class  Concrete  Pavement  1:2:4  or  better 


Less  than  500 
500  to  1,000 
1,000  to  2,000. 
Over  2,000... 


Total . 


114 

61 

158 

28 

199 

46 

98 

28 

570 . 63 


Average 


$  62 

54 

76 

149 

$  80 


$172 
152 
226 
402 

$230 


Total  of  Above  Types 


Less  than  500 . 

500  to  1 ,000 . 

1,000  to  2,000 

Over  2,000     .  . 


Total 


2,384.17 

2,181.23 

1 , 522 . 76 

611.04 

6 , 699  20 


$422 
438 
422 
495 


Average         $433 


$543 
595 
618 
735 

$505 
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Table  Showing  Cost  of   Maintenance  ok   Mixed  Bituminous   Macadam  on 
Macadam   Base,   Classified   According  to  Traffic 


Traffic  less  than  500  per  12-hour  d;iy 

Division 

Miles 

Cost  of  maintenance  per  mile  per  year  exclusive 
of  reconstruction 

Pavement  only 

Total  maintenance 

1 
9 

1.20 
11.67 

$  80 
405 

Average $375 

$229 
498 

Total 

12.87 

$473 

(No  pavement  under  this  classification  in  Division  2,  3,  4,  5,  6,  7,  8) 


500  to  1,000 


0.38 
5.62 


$  61 
544 


$110 
647 


Total 5.90  Average $513  $612 

(No  pavement  under  this  classification  in  Division  2,  3,  4,  5,  6,  7,  8) 


1,000  to  2,000 


1 

2.31 

$629 

$879 

2 

1.23 

192 

3.50 

3 

4 

5 

2.16 

209 

303 

6 

7 

0.78 

126 

258 

8 

9 

1.00 

84 

315 

Total 

7.48 

Average $302 

$484 

Over  2,000 
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Cost  of  Maintenance  of  Bituminous  Macadam,  Mixed  Method  on  Concrete 
Classified  According  to  Traffic 

Traffic  less  than  500  per  12-hour  day 


Division 


Cost  of  maintenance  per  mile  per  year  exclusive 
of  reconstruction 


Pavement  only 


Total  maintenance 


1 

1.73 

$  93 

$503 

2 

0.89 

28 

580 

3 

4 

1.34 

8 

9 

5 

6 

7 

8 

3.70 

153 

242 

9 

Total 

7.66 

Average . . . 

..    $  99 

$300 

500  to  1,000 


1 

2 

1.68 

$723 

$862 

3 

2.39 

55 

150 

4 

2.37 

61 

67 

5 

0.36 

0 

0 

6 

7 

7.46 

142 

226 

8 

8.39 

88 

189 

9 

Average $146 

Total 

22.65 

$231 

1,000  to  2,000 


1 

11.58 

$  69 

$232 

2 

7.88 

217 

318 

3 

4 

0.42 

47 

56 

6 

3.41 

317 

527 

7 

7.10 

117 

282 

8 

9 

Average $146 

Total 

30,39 

$298 

Over  2,000 


1 

2 

1.19 

$     7 

$     8 

3 

4 

10.91 

421 

485 

5 

0.51 

222 

270 

6 

13.10 

10 

154 

7 

3.20 

530 

703 

8 

9 

Total 

29.02 

$229 

$336 
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Table  33A. — Showing  Cost  of  Maintenance  of  Second-class  Concrete  and 
Hassam  Pavement  Classified  According  to  the  amount  of  Traffic 


Division 


Cost  of  maintenance  per  mile  per  year  exclusive 
of  reconstruction 


Pavement  only 


Total  maintenance 


Traffic  less  than  500  per  12-hour  day 


1 

2 

6.27 

S503 

$729 

3 

4 

8.27 

471 

590 

5 

8.05 

304 

467 

6 

7 

3.98 

700 

816 

8 

7.24 

488 

875 

9 

13.98 

749 

963 

Total 

47.79 

Average $532 

$759 

500  to  1,000 


1 

8.77 

$371 

$474 

2 

2.01 

299 

412 

3 

4.04 

109 

128 

4 

5 

3.98 

340 

494 

6 

13.57 

447 

560 

7 

6.05 

487 

542 

8 

41.09 

562 

820 

9 

5.20 

767 
Average $495 

979 

Total   

84.71 

$675 

1,000  to  2,000 


1 

9.38 

$230 

$506 

2 

8.28 

646 

916 

3 

4 

5 

7.75 

359 

435 

6 

4.34 

293 

623 

7 

6.54 

460 

607 

8 

10.60 

720 

940 

9 

11.08 

849 

1,094 

Total 

57.97 

Average $545 

$     768 

Over  2,000 


1 

0.00 

$000 

$     000 

2 

4.56 

894 

1,271 

3 

14 

5 

6 

9.55 

144 

384 

7 

8 

9 

7.77 

036 

833 

Total 

21.88 

Average $474 

$     728 
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Table  33A. — Showing  Cost  of  Maintenance  of  Brick  Pavement  Classified 
According  to  the  Amount  of  Traffic 


Cost  of  maintenance  per  mile  per  year  exolusive 
of  reconstruction 


Pavement  only 


Total  maintenance 


Traffic  less  than  500  per  12-hour  day 

1 

2 

6.12 

$256 

$515 

3 

1.86 

10 

17 

4 

1.02 

5 

0.88 

30 

46 

6 

7 

8 

4.83 

32 

208 

9 

16.64 

205 

527 

Total 

31.35 

Average S165 

$415 

500  to  1,000 


1 

2 

3.92 

4 

23 

3 

6.10 

30 

43 

4 

0.39 

5 

0.44 

42 

80 

6 

7 

4.35 

162 

245 

8 

10.49 

95 

210 

9 

38.64 

114 

236 

Total 

64.33 

Average $  99 

$199 

1,000  to  2,000 


1 

2.92 

$137 

$172 

2 

3.26 

71 

208 

3 

0.49 

18 

20 

4 

0.82 

184 

204 

5 

1.84 

57 

70 

6 

1.06 

32 

32 

7 

3.42 

91 

240 

8 

5.68 

33 

60 

9 

43.20 

125 
Average $109 

256 

Total 

62.69 

$219 

Over  2,000 


1 

8.07 

$196 

$400 

2 

9.98 

226 

349 

3 

4 

3.15 

95 

106 

5 

1.43 

72 

94 

6 

3.33 

128 

203 

7 

8 

3.69 

86 

131 

9 

58.12 

336 

598 

Total 

87.77 

Average $279 

$493 
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Table  33A. — Showing  Cost  of  Maintenance  of  Guavel  Typk  of  Pavement 
Classified  According  to  the  Amount  of  Traffic 


Traffic   less  than 

500  per  12-hour  day 

Cost  of  maintenance  per  mile  per  year  exclusive 

of  reconstruction 

Division 

Miles 

Pavement  only 

Total  maintenance 

1 

51.40 

$663 

$     790 

2 

24.21 

662 

935 

3 

6.38 

332 

363 

4 

9.04 

470 

588 

5 

4.71 

500 

548 

6 

7 

2.87 

415 

496 

8 

12.15 

387 

545 

9 

Total 

110.76 

Average $584 

$     737 

500  to  1,000 


1 

19.16 

$768 

$     947 

2 

5.47 

325 

358 

3 

4 

5 

6 

1.20 

683 

088 

7 

8 

5.66 

970 

1,420 

9 

Total 

31.49 

Average $721 

$     924 

1,000  to  2,000 


3.60 
3.02 


$777 
547 


$     918 
812 


Total 6.62  Average $675  $     872 

(No  pavement  under  this  classification  in  Division  3,  4,  5,  6,  7,  8,  9) 


Over  2,000 


1 

0.60 

Average . .  . 

$824 
. .    $824 

$     983 

Total 

0.60 

$     983 

(No  pavement  under  this  classification  in  Division  2  to  9  inclusive.) 
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Table  33A. — Showing  Cost  of  Maintenance  of  Waterbound  Macadam  Type  of 
Pa\t:ment  Classified  According  to  Amount  of  Traffic 

Traffic  less  than  500  per  12-hour  day 


Miles 

Cost  of  maintenance  per  mile  per  year  exclusive 
of  reconstruction 

Pavement  only                    Total  maintenance 

500  to  1,000 


1,000  to  2,000 


1 

149.99 

$     518 

$     653 

2 

196.46 

497 

663 

3 

76.07 

789 

869 

4 

181.57 

447 

596 

'      5 

136.73 

643 

727 

6 

35.56 

694 

883 

7 

64.46 

631 

738 

8 

188.22 

509 

711 

9 

92.66 

580 

770 

Total 

1,111.72 

Average $  551 

$     658 

1 

124.42 

$     722 

$     932 

2 

128.07 

671 

914 

3 

55.47 

807 

895 

4 

109.20 

630 

841 

5 

130.27 

579 

679 

6 

5.86 

612 

680 

7 

100.44 

596 

704 

8 

102.28 

632 

894 

9 

7.25 

524 
Average $652 

639 

Total 

763.26 

$     843 

1 

79.67 

$     769 

$     957 

2 

48.31 

762 

1,070 

3 

29.19 

592 

661 

4 

19.07 

692 

922 

5 

36.30 

385 

480 

6 

27.31 

590 

795 

7 

35.77 

957 

1,118 

8 

81.64 

591 

9.50 

9 

12.86 

1.049 

1.415 

Total 

360.12 

Average $     692 

$     897 

Over  2,000 


1 

14.63 

$     980 

$     1,212 

2 

2.27 

616 

904 

3 

4 

9.31 

737 

982 

5 

0.68 

684 

762 

6 

0.53 

872 

1,111 

7 

2.95 

895 

1.182 

8 

8.14 

943 

]  ,148 

9 

Average $     881 

Total 

38.51 

$     1,110 
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Table  33A. — Showing     Cost    of     Maintenance    of    Bituminous    Macadam. 
Penetrative  Method  of  Pavement  Classified  According  to  Traffic 

Traffic  less  than  500  per  12-hour  day 


Cost  of  maintenance  per  mile  per  year  exclusive 

of  reconstruction 

Division 

Miles 

Pavement  only 

Total  maintenance 

1 

118.63 

$289 

$     448 

2 

179.10 

357 

567 

3 

244.67 

290 

337 

4 

100.82 

283 

377 

5 

134.37 

292 

414 

6 

35.68 

193 

361 

7 

41.68 

308 

428 

8 

52.39 

251 

415 

9 

40.07 

440 
Average $303 

568 

Total 

947.41 

$     429 

500  to  1,000 


1 

187.42 

$396 

$     563 

2 

167.23 

346 

538 

3 

263 . 55 

321 

375 

4 

100.93 

338 

453 

5 

123.75 

380 

538 

6 

66.55 

251 

378 

7 

29.09 

392 

561 

8 

81.69 

458 

751 

9 

30.40 

342 
Average $355 

527 

Total 

1,050.61 

$499 

1,000  to  2,000 


1 

243.60 

$456 

$     683 

2 

166.25 

445 

739 

3 

58.90 

214 

250 

4 

78.74 

278 

370 

5 

85.93 

439 

562 

6 

63.59 

317 

527 

7 

38.12 

616 

840 

8 

21.29 

305 

472 

9 

41.61 

457 
Average $409 

676 

Total 

798.03 

$     612 

Over  2,000 


1 

109.06 

$746 

$1,027 

2 

83.62 

642 

974 

3 

4 

40.88 

500 

666 

.    5 

24.28 

384 

508 

6 

24.07 

792 

1,011 

7 

22.27 

340 

490 

8 

8.14 

944 

1.148 

9 

4.77 

461 
Average $646 

732 

Total 

317.09 

$     889 
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Table  33A. — Showing    Cost   of    Maintenance  of  First-class  Concrete 
Classified    According  to  the  Amount  of  Traffic 


Division 


Cost  of  maintenance  per  mile  per  year  exclusive 
of  reconstruction 


Pavement  only 


Total  maintenance 


Traffic  less  than  500  per  12-hour  day 


1 

11.91 

$  42 

$       85 

2 

9.77 

10 

248 

3 

36.86 

37 

88 

4 

15.58 

77 

154 

5 

0.88 

30 

46 

6 

3.70 

32 

293 

7 

3.48 

52 

356 

S 

1.97 

222 

796 

9 

Total 

30.46 

106 
Average $  62 

225 

114.61 

$     172 

500  to  1,000 


1,000  to  2,000 


1 

23.26 

«  79 

$     203 

2 

24.23 

98 

186 

3 

18.57 

11 

62 

4 

5.57 

77 

154 

5 

11.28 

28 

80 

6 

8.11 

26 

125 

7 

8.61 

9 

176 

8 

1.98 

402 

1,031 

9 

56.67 

41 
Average S  54 

1.30 

Total         

158.28 

$     152 

1 

63.08 

$102 

$     354 

2 

19.01 

52 

190 

3 

3.54 

2 

3 

4 

5.77 

77 

154 

5 

5.76 

33 

69 

6 

5.C5 

24 

182 

7 

17.55 

37 

133 

8 

3.47 

2 

110 

9 

76.23 

82 
Average $  76 

227 

Total 

199.46 

$     226 

Over  2,000 


1 

45.25 

S146 

$     431 

2 

12.56 

249 

414 

3 

4 

5 

0.47 

190 

310 

6 

2.85 

150 

425 

7 

8 

9 

37.15 

143 
Average $149 

361 

Total 

98.28 

.«     402 
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Life  of  Pavements.  Macadam  Pavements. — Division  7  data  on 
durability  of  these  pavements  is  reliable.  Table  34  gives  the  age  at 
which  actual  reconstruction  has  occurred.  This  table  is  interesting  but 
not  conclusive  as  the  records  apply  to  the  weaker  roads  under  exceptional 
traffic  which  tends  to  shorten  the  age  reported.  On  the  other  hand,  these 
roads  were  permitted  to  remain  in  poor  condition  for  from  2  to  4  years 
beyond  the  time  at  which  they  actually  needed  resurfacing.  This  data 
gives  the  average  age  for  Waterbound  Macadam  as  8.9  years  and  Bitu- 
minous Macadam  as  8.4  years,  Topeka  on  concrete  at  7  years  and 
Second  Class  Concrete  (1:23'^: 5  Mix)  at  6.5  years).  These  results  are 
inconclusive  unless  verified  by  supplementary  data. 


Table  34 

. — Sho 

WING 

Agk  at  Time  of  Actual  Reconstruction 

Waterbound 
macadam 

Bituminous  macadam 
penetration  method 

Bituminous  macadam 
mixing  method 
concrete  base 

Second  class  concrete 

and 

Hassam  concrete 

Age  in 

Total  resurfacing  = 

Total  resurfacing  = 

Total  resurfacing  = 

Total  resurfa 

cing  = 

years 

173  miles 

43.6  miles 

1.22  miles 

20.46  mi 

les 

0 

~  1 

<0 

go 

<0     IS 

1"  r' 

«     60 
"CO 

M 

3.2 
21.0 
17.2 

5.6 

a,   <B 

03     oJ 

3 

0.30 
20.86 

5.94 
16.13 

0.2 

12.1 

3.4 

9.2 

0.2 
12.3 
15.7 
24.9 

0.65 
4.29 
3.53 
1.14 

3.2 

4 

'2.28 
0.77 
5.13 

5.2 

1.8 

11.8 

5.2 

7.0 

18.8 

24.2 

41   4 

6 

0.40 

32.8 

32.8 

47.0 

7 

13.80 
22.33 
26 .  90 

8.0 
12.9 
15.6 

32.9 

45.8 
61.4 

8.81 
7.55 
2.92 

20.2 
17.3 

39.0 
56   3 

2.31 
5.62 
1.92 

11.3 

27.4 

9.4 

58.3 

8 

85.7 

9 

6.7   !      63.0 

0.82 

67.2 

100.0 

95.1 

10 

15.05 
19.74 

8.7 
11.4 

70.1 
81.5 

2.81 
11.21 

6.4 
25.7 

69.4 
95.1 

1.00 

4.9 

100.0 

11 

12 

4.44 

2.6 

84.1 

2.12 

4.9 

100.0 

13 

11.48 

6.5 

90.6 

14 

9.46 

5.5 

96.1 

15 

2.38 

1.4 

97.5 

16 

17 

2.15 

1.2 

98.7 

18 

19 

2.20 

1.3      100.0 

Table  35  gives  the  mileage  of  the  different  types  which  need  resurfac- 
ing at  their  present  reported  age.  This  data  is  fairly  reliable  in  deter- 
mining range  of  life  and  probable  maximum.     According  to  these  tables 
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supplemented  by  judgment  in  regard  to  modifying  conditions  we  place 
the  reasonable  life  of  the  macadam  base  pavements  as  follows : 

These  ages  are  somewhat  less  than  usually  adopted  due  to  the  fact 
that  they  are  based  on  a  maximum  permissible  Vialog  coefficient  of 
roughness  of  250  ft.  per  mile  without  excessive  yearly  maintenance 
expenditures.  This  limit  of  roughness  is  somewhat  less  than  has  here- 
tofore been  customary  but  we  are  convinced  that  on  the  main  roads  it 
is  desirable  to  avoid  the  extreme  roughness  often  tolerated  for  the  last 
3  to  5  years  before  reconstruction  is  commonly  resorted  to.  The  age 
before  reconstruction  can  be  increased  by  excessive  maintenance  expendi- 
tures but  this  has  little  effect  on  total  cost  of  the  combined  items  of 
maintenance  and  renewal;  what  is  spent  on  one  is  saved  on  the  other. 

Table  of  Estimated  Reasonable  Life  Flexible  Base  Pavements 


Waterbound 
macadam 


Bituminous 
macadam 


Asphaltic 

concrete 

on  macadam 


Class  I  traffic .  .  . 
Class  II  traffic.  . 
Class  III  traffic. 
Class   IV   traffic 


Not  suitable 

8  to  12  years 

10  to  T3  years 

12  to  15  years 


6  to  12  years 
10  to  13  years 
12  to  15  years 

Not  advised 


8  to  14  years 

10  to  15  years 

Not  advised 

Not  advised 


1  Class  IV  is  a  very  indefinite  condition. 

Table  30  uses  the  low  limit.     Under  really  good  conditions  of  design  and  main- 
tenance the  upper  limit  can  be  used  and  even  extended  a  few  years. 


Life  of  Rigid  Base  Pavements. — The  durability  of  rigid  base  pave- 
ments on  heavy  traffic  rural  highways  cannot  be  very  definitely  settled 
as  yet  as  there  are  not  enough  miles  of  sufficient  age  to  develop  reliable 
data.  Rural  highway  conditions  are  considerably  different  from  city 
street  conditions  due  to  concentration  of  traffic  along  an  unprotected 
pavement  edge  and  poor  subsoil  drainage  systems  on  Rural  Roads. 
City  records  are  not  really  up  to  date  on  account  of  changed  traffic  con- 
ditions so  that  the  life  assigned  to  rigid  base  pavements  is  at  best  a  care- 
ful guess  which  is  controlled  by  the  excellence  of  construction  and  main- 
tenance practice  for  the  district  under  consideration.  The  values 
assigned  in  Table  30  represent  the  best  judgment  of  our  local  engineers 
reinforced  by  city  records  and  are  for  moderately  good  construction  and 
maintenance  conditions.  The  effect  of  good  work  on  life  is  shown 
graphically  on  page  144,  Chap.  II.  Supporting  data  is  included 
below  by  a  quotation  from  Blanchard's  Handbook. 


MAINTENANCE  AND  RECONSTRUCTION 


415 


Table  36. — Consensus  of  Opinion  of  Canadian  Engineers  as  to 
Durability  (llo)- 


Puvement 


Small 

repairs, 

years 


Extensive 
repairs, 
years 


Complete  re- 
construction, 
years 


Asphaltv  block 

Asphalt  concrete 

Bitulithic 

Brick 

Cement-concrete 

Scoria  block  and  stone 

Sheet-asphalt -.  . 

Untreated  wood  block . 
Treated  wood  block .  .  . 


5  to  10 

4  to    6 

5  to  8 
8  to  10 
5  to    8 

10  to  15 
4  to  8 
3  to  5 
8  to  10 


10  to  12 
6  to  8' 
10  to  15 
10  to  15 
10  to  12 
15  to  20 
10  to  15 
6  to  10 
12  to  15 


12  to  15 
8  to  101 
15  to  20 
15  to  18 
15  to  18' 
20  to  30 
15  to  18 
10  to  12 
15  to  181 


1  These  pavements  have  not  attained  an  age  in  Canada  sufficient  to  place  the  fig- 
ures beyond  conjecture. 

Opinions  of  Canadian  Engineers  as  to  Nature  of  Deterioration  (11a). 

"ASPHALT  BLOCK:  Edge-wear  forming  holes  and  cobbles;  worn  pavement 
noisy  and  hard  to  keep  clean;  disintegration  of  bottom  of  blocks. 

"ASPHALTIC  CONCRETE:  Wears  in  holes;  susceptible  to  marking  in  hot, 
sunny  weather. 

"BITULITHIC:  Wears  evenly,  with  a  tendency  to  holes  under  heavier  traffic; 
susceptible  to  surface  marks  in  hot  weather. 

"BRICK:  Edge-wear  and  cobbling  under  heavy  traffic;  increased  noise  and 
unsanitariness  as  wear  increases;  when  worn  badly  it  slows  down  traffic. 

"SHEET-ASPHALT:  Wears  slowly  into  large  holes  or  patches;  heavy  traffic 
causes  ruts;  cracks  hasten  deterioration, 

"WOOD  BLOCK:  Rots  rapidly  if  untreated,  retarding  traffic;  treated  block 
wears  slowly  and  evenly;  frost  intrusion  causes  buckling. 

"STONE  AND  SCORIA  BLOCK:  Wears  gradually  into  holes  and  cobbles; 
unsanitary  when  roughened. 

"CEMENT-CONCRETE:  Wear  is  slow  and  even  if  well  placed;  cracking  and 
chipping  develop  otherwise." 

-  "American  Highway  Engineer's  Handbook."  John  Wiley  &  Sons,  New  York,  N.  Y. 

Selected  Typical  Roads. — The  second  method  of  deriving  normal 
costs  is  the  selected  road  method.  Table  37  gives  an  idea  of  what  can 
be  done  if  the  roads  are  well  designed  and  maintained  as  compared  with 
weak  design  and  spasmodic  maintenance. 

Table  37  shows  that  firm  waterbound  macadam  can  be  maintained 
under  Class  I  traffic  for  about  S0.06  per  square  yard  per  year  exclusive  of 
renewals.  Under  Class  II  traffic  for  about  $0,035  but  that  weak  design 
under  even  Class  III  traffic  will  raise  the  maintenance  to  about  $0.06. 

Firm  bituminous  penetration  can  be  maintained  under  Class  I  for 
$0,035  for  a  long  term  of  years  (see  road  5021).  Under  Class  II  traffic 
for  about  0.015  to  0.030  but  if  the  foundation  is  weak  it  jumps  up  to 
around  $0,045  (Road  5271). 
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Asphaltic  concretes  on  firm  macadam  base  under  Class  llA  traffic 
have  been  maintained  for  a  long  term  for  from  $0,009  to  $0,015  per  square 
yard  per  year  exclusive  of  renewals.  The  maintenance  cost  for  these 
roads  is  about  the  same  as  for  the  same  surface  on  a  cement  concrete  base. 

The  data  on  cement  concrete  and  brick  is  not  conclusive  on  account 
of  short  age  of  pavements  of  which  we  have  definite  data  in  comparison 
with  their  probable  life. 

Table  38. — New  York  State  Maintenance  Costs  (1921) 


Type  of  pavement 


Miles  maintained 


Including 
change  to 
more  dur- 
able type 


Excluding 
change  to 
more  dur- 
able type 


Cost  per  mile 


Including 
change  to 
more  dur- 
able type 


Excluding 
change  to 
more  dur- 
able type 


Pavement 
only,  ex- 
cluding 
change  to 
more  dur- 
able type 


Bituminous     macadam,     penetration 

method,  macadam  base,  asphalt  binder 

Tar  binder 

Concrete  base,  asphalt  binder 

Tar  binder 

Waterbound  macadam 

First-class  concrete,  1:2:4  mix  or  richer.  . 
Second-class    concrete,    1:23-2:5    niix    or 

leaner 

Hassam  concrete 

Brick  pavement 

Gravel 

Bituminous  macadam: 

Mixed  method,  Topeka  concrete  base. . 

Topeka,  macadam  base 

Amiesite,  concrete  base 

Amiesite,  macadam  base 

Open  mixed,  concrete  base 

Open  mixed,  macadam  base 

Bitulithic,  concrete  base 

Warrenite-bitulithic 

Willi te,  concrete  base 

Bitoslag,  concrete  base 

Sheet  asphalt,  concrete  base 

Gravel  mixed,  gravel  base 

Henderson,  macadam  base 

Block  pavements: 

Asphalt,  concrete  base 

Asphalt,  macadam  base 

Wood 

Stone 

Brick  cubes,  macadam  base 

Bituminous  sub-base 

Bituminous  macadam,  three-layer  method 

Kentucky  rock,  asphalt 

Rocmac 

Three  strip  dual 

Two  strip  dual 


Total 

Average  cost  per  mile. 


3,201.87 

255.06 

45.21 

16.81 

2,599.04 

730.45 

187.65 

49.03 

280.45 

141.14 

65 .  42 

29.72 

6.25 

4.88 

17.09 

15.43 

15.12 

1.81 

1.66 

2.31 

0.61 

8.38 

0.51 

18.34 
1.73 
0.26 
3.58 
0.32 

15.70 
7.29 

17.55 
0.15 
6.81 

33.99 


7,781.62 


,186.82 
255.03 
45.21 
16.81 
, 536 . 29 
730.45 

181.50 

49.03 

280.19 

136.30 

65.01 

29.72 

6.25 

4.88 

17.09 

14.68 

15.12 

1.81 

1.66 

2.31 

0.61 

7.72 

0.51 

18.34 
1.73 
0.26 
3.58 
0.32 

15.70 
7.29 

17.55 
0.15 
6.81 

31.69 


7,688.42 


81,033 
543 
560 
363 
2,007 
225 

1,957 
679 
352 

1,861 

831 
769 
440 
53 
413 
3,869 
244 


37 

229 

5,154 


347 
1,271 

9 
104 
332 
734 
686 

134 
1,562 


$1,280 


770 
540 
560 
363 
951 
225 

874 
679 
307 
890 

299 
769 
440 
53 
413 
462' 
244 


37 

229 

1,978 


347 
1,271 

9 
104 
332 
734 


134 
332 


581 
341 
446 
250 
813 
81 

710 
395 
226 

767 

128 
354 
215 
10 
166 
288 
231 


229 
1,757 


214 
1,082 


$  744 


104 
266 
448 
614 

120 
146 


$  582 


27 
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Average  Annual   Maintenance   Cost  per   Mile  of  Principal  Types  for  the 
Past  7  Years,  Excluding  Change  of  Type 


1915 

1916 

1917 

1918 

1919 

1920 

1921 

Aver- 
age 

Bituminous     macadam, 
penetration     method, 

asphalt  and  tar 

Topeka  on  concrete  base 

Topeka     on     macadam 

base 

$     510 

$     483 
205 

256 
906 
176 
141 

1,080 
587 

$     408 
245 

393 
970 
222 
112 
1,127 
918 

$     557 
435 

1,056 
739 
251 
160 
791 
909 

$501 
144 

443 
694 
247 
214 
761 
771 

$59;) 

335 

985 
797 
242 

227 
868 
704 

$753 
299 

769 
951 
307 
225 

874 
890 

$543 

277 

650 

Waterbound  macadam . . 

Brick 

First-class  concrete 

Second-class  concrete.  .  . 
Gravel 

1,055 
190 
129 

1,050 
955 

873 
234 
173 
936 
819 

Average  all  types 

$     750 

$     651 

$     643 

$     608 

$560   $631 

$744 

Table  38A. — Supplementary  Extensions  and  Author's  Comments 
New  York  Maintenance  Costs 


Type  of  pavement 


Reported 

7  year 

average 

per  mile 


Supplementary  comments^ 


Approximate  cost 
pavement  only 


Per 
mile 


Per  square 
yard 


Relation'  of 

reported  cost 

to  normal  cost 

under  proper 

conditions 


Recommended 
allowance 


Normal 
condition 


Unusually 
favorable 


Penetration    bituminous 

macadam 

Topeka  on  concrete  base 
Topeka      on      macadam 

base 

Waterbound  macadam .  . 

Brick 

Cement  concrete   (1:2:4 

or  better) 

Cement  concrete  (1 :  2J.2  : 

5  mix) 

Gravel 


$543 
277 

650 
873 
234 

173 

936 
819 


$400 
150 

500 
720 
100 

50 

800 
680 


$0 . 043 
0.016 

0.053 
0.077 
0.011 

0.006 

0 .  085 
0.073 


High 
Normal  minus 

High 
High 
Normal 

Very  low- 
Normal 
High 


0.035 
0.020 

0.025 
0.070 
0.015 

0.015 

Poor 
0.060 


0.025 
0.015 

0.020 
0.060 
0.010 

0.010 

type 
0.030 


'  Considers  age,  traffic  and  adequate  design  strength. 

2  Assuming  pavement  is  used  under  proper  volume  of  traffic  (see  page  67). 
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422  RURAL  HIGHWAY  PAVEMENTS 

Budget  Estimates. — Budget  estimates  are  desirable  as  they  insure  a 
careful  consideration  of  the  needs  of  the  situation  and  tend  to  produce  a 
better  balanced  ratio  of  expenditures  over  the  territory  as  a  whole. 
The  following  tabulation  shows  the  schedules  used  in  preparing  budgets 
for  Division  7.  Patrol  costs  are  figured  by  an  actual  itemized  patrol 
layout  as  shown  in  Fig.  157.  Material  and  oiling  estimates  are  based 
on  careful  field  inspection  of  the  conditions  on  each  road  modified  by 
previous  experience  with  increases  due  to  winter  wear.  Equipment  is 
carefully  checked  up  and  estimates  of  additions  made.  Salaries  for 
supervision  and  office  force  can  be  closely  approximated  from  past 
records.  The  total  of  these  schedules  becomes  the  budget  estimate. 
These  estimates  are  prepared  for  each  county.  The  schedules  are  inter- 
changeable in  amounts  as  far  as  expenditure  goes  within  the  county 
which  gives  the  necessary  flexibility  but  funds  allotted  to  one  county 
cannot  be  transferred  to  any  other  county.  This  restriction  gives  the 
necessary  stability.  At  one  time  an  effort  was  made  to  hold  strictly 
to  expenditures  for  each  schedule  such  as  patrol,  materials,  equipment, 
etc.  but  this  was  found  to  be  impracticable  and  the  present  system  was 
adopted. 

Maintenance  Methods. — Methods  will  be  treated  in  two  parts:  First, 
High  Type  Hard  Surfaced  Pavements,  and  second.  Low  Type  Earth, 
Sand  Clay  and  Gravel  Roads. 

Maintenance  Organization  (Hard  Surfaced  Pavements). — ^A  typical 
organization  scheme  for  high-class  state  improved  systems  with  extensive 
mileage  is  shown  in  Fig.  156.  For  a  system  of  this  character  (Division  7), 
the  work  can  be  effectively  handled  by  a  combination  of  Patrol,  Gang 
Work  and  Contract  Awards.  The  success  of  the  program  requires  good 
judgment  in  a  well-balanced  utilization  of  these  different  methods  supple- 
mented by  correct  use  of  materials  and  equipment. 

(a)  One-man  Patrol  with  Horse  Rig. — This  organization  unit  is  very 
limited  in  usefulness  for  a  high  grade  compact  system  of  heavy  traffic 
roads.  It  is  useful  for  isolated  roads  under  light  traffic.  The  usual 
length  of  patrol  is  from  3  to  7  miles  (see  Fig.  157  and  157.4).  The  usual 
price  paid  for  patrolman  including  horse  and  rig  is  about  -14.50  per  day 
(1922)  for  about  200  days  per  year.  In  Division  7  which  is  used  for  illus- 
trative purposes,  only  40  miles  out  of  860  where  maintained  by  horse 
patrol  in  1922.  Patrol  of  this  kind  handles  minor  surface  repairs  of 
pavements. 

On  macadam  roads,  the  equipment  used  is  as  follows: 

One  half  cubic  yard  wagon,  pick,  mattocks,  shovel,  broom,  tamper, 
rake,  asphalt  bucket,  scythe,  straight  edge,  special  equipment  furnished 
from  Division  Storehouse  for  scrapping  shoulders,  or  any  special  jobs. 

Stone,  bitumen,  etc.  delivered  in  stock  piles  by  special  truck 
gang. 


Table  41. — Maintenance    Funds — Division  7.    Table     Showing    Expenditures    and    Percentage    of    Same    to     Total 

Expenditures,  Excluding  C  and  E  Funds 

Expenditures  include  schedule  appropriations,  10  per  cent  funds,  general  funds,  and  maintenance  taxes.     Federal  aid  funds 

excluded.     Expenditures  are  for  calendar  year 


1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

deci- 
mal 
part 

Proposed  appro- 
priation for  1921 

Kxpendi- 
tures 

Deci- 
part 

Expendi- 
tures 

Deci- 
mal 
part 

Expendi- 
tures 

Deci- 
part 

Expendi- 
tures 

Deci- 
mal 
part 

Expendi- 
tures 

Deci- 
mal 
part 

Expendi- 
tures 

Deci- 
mal 
part 

Expendi- 
tures 

Deci- 
mal 
part 

Deci- 

Amount      mal 

part 

t  40,573  05 
756  89 
5,007  70 
3,058.43 
247  69 
123  00 
190  35 

1.624.74 

6,011  62 
8,323.09 

3,480.18 

6.416  01 
1,955.12 

6,384,29 
62,078  16 
481,013.03 

129,914.73 
1,007,50 

9.937.74 
109,856.62 

0,1050 
0  0020 
0  0130 
0  0079 
0  0006 
0,0003 
0,0005 

0  0042 

00155 
0  0215 

0,0090 

0  0166 
0,0051 

0;i606 

0,3361 
0  0026 

0  0257 
0,2738 

$  49,059,32 

657,19 

5,613  31 

2,7.56,52 

247  06 

1,000.00 

11,061.96 

8,240  33 
11,890-84 

700.08 

3,628,21 
1,967  44 

44,168,08 
116,420  25 
358.530,44 

155,883,86 
870,75 

8,284,47 
93,046.04 

0  1041 
0  0014 
OOllf) 
0,0059 
0  0005 
0.0021 

0.0235 

0,0175 
0,0252 

0.0015 

0.0077 
0.0042 

0.2470 

0  3307 
0  0018 

0,0176 
0  1974 

% 

$ 

$ 

1, 

$ 

$ 

Sch.  B— Office  supplies 

Sch.  B — Communication 

Sch.  B — .\dvertising.  printing. 

Sch.  B- Purchase         trucks. 

mi.ier8.    and    other    large 

Sch.  B— Purchase     war   ma- 

Sch.  B— Purchase  tools 

Sch.  B— Repairs  to  equipment 
Sch.  B — Insurance  for  equip- 

Sch.  B — Storehouse  construc- 

Sch.  B— Storage  rental 

Sch           

Sch.  C— Resurface 

Sch.  D— Surface  treatment. . . 

Sch.  E — Reconstruction 

Sch.    F— Foreman,    labor. 

Sch.  F — Rental  equipment — 
Sch.  F— Supplies  for  equip- 

Sch.  F— Drainage  rights 

Total— eicluding    C    and    E 

funds.. 

Total— including    C    and    E 

$386,564,53 
$873,961,85 

1.0000 

$471,327.63 
$874,026.15 

1.0000 

Decimal  part  = 
decimal  part. 


Schedule  expendittu-e 
Total  expenditure  minus  C  and  E' 


To  calculate  proposed  schedule  appropriations  for  ensuing  year  multiply  (total  appropriation  minus  C  and  E)  by  average  or  proposed 


Appropriations 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Schedule   appropriations 

$755,000.00 
64.289.62 
14,682  54 
33,9.50  00 
8,318.50 

$735,520.00 
85,926.11 
16,892.69 
34,600  00 
8,479.35 

$741,720.00  S 

« 

S 

t 

t 

10  per  cent  funds— (used) 

General  funds — (interest,  etc.) 
Maintenance  taxes — towns. 
Maintenance  taxes— villages , , 

(Facing  page  422.) 
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On  rigid  pavements,  a  hook  to  clean  out  cracks  and  necessary  chisels, 
bars,  sledges  etc.  for  removing  and  replacing  portions  of  the  pavements. 

(b)  Small  1-ton  Truck  Patrol  (1  to  4  Men). — This  organization  is  a 
very  useful  and  popular  unit  for  maintenance  work.  It  is  flexible,  speedy 
and  economical.  The  usual  length  of  patrol  ranges  from  15  to  25  miles 
(see  Figs.  157  and  157^4).  The  usual  price  paid  for  patrolman  including 
truck  is  about  $7.50  per  day  (1922).  The  usual  price  for  extra  helpers 
is  from  $0.35  to  $0.50  per  hour.  These  patrols  work  about  200  days  a  year 
in  northern  climates.     The}^  take  care  of  minor  surface  repair  of  pavements 


No.lSZ 

REHTCD  1-TON  TRUCK 

LOCATIO  AT  ATTICA 

I  FORM  AN 

i LABORERS 

WR  MAC  ROAD  l?£7 


,  NolSi 

fPATROL  WITH 

H0R5E  AND  CART 
tlOCATeO  AT 
XSTRYKERSVULE 
.  ROADS-Mllisl'  ,      . 

'COKKTE  376  -1 71  '  f'';  J*S 
ICOUCRETC  971A-I8i   If    I    t^JAW 
ISITMAC.    3Si-iS6  ||  °-| 


No.JSI 

1 

REMTED  1-TON  TRUCK               | 

LOCATED  AT  PERRY 

1  FOREMAN 

2LAB0RERS 

WADS- 

MILES 

BITMAC.     80OO 

?SS 

BITUAC-       dS4 

4  SO 

STS- 

i.OI 

Bn.MAC.     S32 

J.41 

AUIESITC  1088 

I.Sl 

12  05 

IPATIfOLWITH  I     'PATROLWITH  IWTUM 


I  HORSE  AW  CART    |  IHORSEAUDCART 

XLOCATEOATARCASe  I  IIICATEO  AT 3LISS    . 

I        DOAo-MiiES,  I         foao-miie:, 

^3l7MCIISS-e.7Sj  ^TMACBSS-3.£l' 


NG  COUNTY 

1922 


No  756 

DEPT  3  TON  TRUCK 
\0CATEDATWAR3> 
\^ITH  FLOATING 

GANG  OF 
'I  FOREMAN 
i  LABORERS 
»     ■      ■      ■     » 


A  POOR  COUNTY  HAV1N&  ISOLATED  STATE  ROADS 


HORSe  PATROL  —  • 
FTON  TRUCK  PATROL  ^ 
LAR6E  TRUCK  PATROL* 


Fig.   157. — Maintenance  patrol  layout. 


and  keep  shoulders,  ditches,  guard  rail,  culverts  etc.  in  shape.  On 
Division  7,  this  type  of  patrol  takes  care  of  530  miles  out  of  the  total  of 
860  miles.  On  macadam  roads,  the  equipment  consists  of  1-ton  truck, 
shovels,  picks,  mattocks,  push  brooms,  rakes,  tampers,  asphalt  pouring 
pots,  axe,  scythes,  straight  edge.  These  small  tools  are  supplemented 
from  the  general  division  equipment  by  small  asphalt-heating  kettle; 
and  1  bag  batch  concrete  mixer  for  cold  patch  work  as  required. 

Where  patrols  of  this  kind  work  entirely  on  rigid  pavement  roads,  the 
force  of  men  is  generally  reduced  to  2.  For  work  of  this  kind,  the  equip- 
ment shown  in  Fig.  158B  is  satisfactory. 


r; 

PATHOL  No.ne 

HlADOU/mrEI'S : 
HONEYOYE  FALLS 
PATROLMAN  ivITH 
ONE  TON  TRUCK 
2  HELPERS 
xROADNH.-HILES 
S02         3.l4Bir.r 
134         300  N-a 
S7S        4.0SBIT 
IMS         4S4K.B 
14.76 

ISW-EVVILLC 

if   '// 

'  FATR01.No.r2j 

FATROLMAHWnH 
ONE  TON  TRUCH 

ROADNo-NliSS 
«2           iJSBIT 

I4S3A  iS4can 
6*IA       114  ma 

1393         4S2COft 

13(7         1.71  MS. 

RETE 
■FETE 

.     -     3/   - 

PATROL  No.724 

'HEADQUARTERS: 
PI7TSF0FD 
pEP'T.  TRUCK. 
I  FOREMAN 
3  LABORERS 
'  ROADNq.-MILES             ' 
234          2.89  W.d.MAC 
1     34          3  32  W  S.MAC' 

S435       OSS  aniCH 

766         338tVB»AC. 

^/237          O.BGBft'CK 

\48l  0.$3  ASPHALT 
497  2  67W.8MAC., 
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merit  shown  in  Fig.  1585  is  satisfactory. 
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(c)  Three-ton  Truck  and  Gang  of  6  to  12  Men.— This  organization  unit 
is  a  recent  development  and  serves  very  effectively  for  work  on  roads 
requiring  a  large  amount  of  surface  patching,  small  areas  of  complete  recon- 
struction or  extensive  surface  oiling.  Gangs  of  this  natm-e  do  all  work 
not  sufficiently  important  to  warrant  formal  contract  awards.  They  are 
as  a  rule  responsible  for  the  direct  maintenance  work  on  from  17  to  40 
miles  of  road  (see  Figs.  157  and  157.4)  and  in  addition  deliver  materials, 


Fig.    15S.1.— Horse  patrol  (State  of  Illinois).      Equipped  for  repairing  concrete  pavement.s. 


Fig.   1585. — Small  truck  patrol  equipped  for  rigid  pavement  repair. 


reconstruct  weak  areas  and  handle  surface  oiling.  In  Division  7  (used  as 
illustration)  sixteen  gangs  of  this  nature  handled  the  maintenance  on  300 
miles  and  in  addition  they  reconstructed  in  1922  approximately  4.3  miles 
of  road  and  handled  all  the  surface  oiling  treatment  on  the  division. 
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The  equipment  required  other  than  the  small  tools  previously  listed 
for  patrol  is 


Roller 

Oil  distributor 

Scrapers 

Tractors 

Any  special  machinery  desired 


Division  Equipment 
List,  page  427. 


id)  Contract  Work. — Extensive  reconstruction  and  oiling  are  usually 
handled  by  contract  awards  but  oiling  is  gradually  being  taken  over  by 
these  gangs  as  they  do  better  work,  cheaper  than  the  contract  method. 

Large  Equipment. — The  best  number  and  the  kind  of  large  machinery 
required  will  vary  for  each  district.  The  following  list.  Division  7,  gives 
an  idea  of  the  units  found  useful  for  a  territory  of  this  general  character. 
A  storehouse  with  repair  and  overhauling  equipment  is  necessary. 

Storehouse  Organization  {Division  7). — A  workshop  equipped  with 
travelling  hoists,  electric  drills,  grinders,  lathes,  milling  machine,  drill 
presses  and  small  tools  to  enable  mechanics  properly  to  take  down,  over- 
haul, repair  and  reassemble  trucks  and  other  equipment.  Floor  space 
of  workshop  should  be  lai-ge  enough  to  place  six  or  eight  trucks  at  a  time 
on  the  floor,  say  40  X  80  or  50  X  100  ft. 

In  addition,  there  should  be  shed  room  enough  to  house  all  trucks 
during  winter  and  equipment  brought  in  for  storage  or  overhauling, 
also,  a  stockroom  for  small  tools. 

Mechanics  at  storehouse — one  foreman  mechanic  in  charge  of 
storehouse  and  all  equipment  whether  at  storehouse  or  working  on  roads. 
Should  have  a  small  truck  in  order  to  make  inspection  and  repairs  to 
plant  in  field.  Also,  a  helper  to  be  at  storehouse  at  all  times.  In 
winter  months  to  overhaul  trucks  and  plant  properly,  there  should  be  in 
addition  at  storehouse  seven  or  eight  mechanics.  These  latter  could  be 
the  best  of  the  truck  drivers  used  in  the  summer  on  the  road  work. 

Large  Machinery  Equipment  (Division  7) 

10-ton  rollers 7 

5-ton  caterpillar  tractors 1 

Steam  scarifiers  to  attach  to  10-ton  rollers   2 

Large  blade  scrapers  (Austin  Rip  Snorter) 1 

4,000  lb.  10-ft.  blade  scraper 7 

3-ton  trucks 20  supplemented  by  a  few  additional 

rented  trucks. 

3    equipped    with    800-gal.    cold  oil 

distributors. 

f^-ton  speed  trucks 4 

1-ton  Ford  trucks  rented  with  patrolman 30 

Asphalt  distributors  for  penetration  work  with  roller 3 

Portable  belt  conveyor  unloaders 7 

Street  sweepers  (rotary,  horse  drawn) 7 
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Small  1-bag  batch  concrete  mixers  (cold  patch) 15 

Small  concrete  paving  mixers  (3-bag  batch) 2 

Necessary  side  forms  and  small  tools 
Portable  asphalt-heating  kettles 

300  gal 10 

150  gal 12 

For  this  Division,  quarrying  and  crushing  equipment  is  not  needed  as  commercial 
stone  can  be  obtained  readily  at  a  reasonable  rate. 

Materials  and  Methods. — The  general  principle  of  pavement  mainte- 
nance is  to  prevent  noticeable  wear  rather  than  to  neglect  minor  flaws  and 
then  repair  serious  damage.  Patch  any  hole  large  or  small  as  soon  as  it 
appears,  "  Catch  them  young  and  treat  them  rough. "  Effective  mainte- 
nance increases  the  life  of  pavements,  increases  traffic  comfort  and 
reduces  the  cost  of  traffic  operation.  It  is  the  best  possible  investment 
for  the  community  and  is  essential  to  the  success  of  any  highway  program. 
Maintenance  includes  the  upkeep  of  ditches,  shoulders,  culverts,  guard 
rails,  guide  signs  and  pavement  repair;  the  fundamental  principle  of  pave- 
ment work  is  to  repair  like  with  like.  That  is,  a  hole  in  an  earth  road 
should  be  repaired  with  earth,  gravel  with  gravel,  macadam  with  maca- 
dam, amiesite  with  amiesite,  Topeka  with  Topeka,  brick  with  brick  etc. 
This  seems  perfectly  obvious  but  it  is  violated  with  clockwork  regularity 
and  the  result  is  a  patch  that  looks  badly,  wears  badly,  rides  badly  and 
costs  like  the  devil;  it  is  a  great  temptation  to  use  any  easily  manipulated 
patching  material  as  a  cure-all  like  David  Harum's  cure  for  spavin,  ring- 
bone, pips  in  hens,  etc.,  but  it  is  poor  policy.  The  following  discussion 
outlines  briefly  the  materials  and  methods  in  ordinary  well-balanced 
practice. 

Incidental  Maintenance.^Shoulder  maintenance  consists  in  cutting 
weeds  and  grass  either  with  farm  mower  or  hand  tools;  maintaining  the 
elevation  and  shape  of  the  earth  by  means  of  blade  scrapers  hauled  with 
trucks,  roller  or  tractors  (see  Fig.  164),  drags  or  hand-tool  methods  or  the 
addition  of  stone,  gravel,  etc.  bound  with  bitumen  on  the  main-travelled 
roads.  The  cost  of  this  work  has  a  wide  range  depending  on  the  excel- 
lence of  the  maintenance  and  on  the  width  of  pavement  and  volume  of 
traffic;  for  pavements  having  the  widths  recommended,  page  70,  and 
where  the  maintenance  is  fairly  effective,  a  fair  set  of  costs  is  about  as 
follows : 

Per  Year 

Class  I  traffic  (18-ft.  pavements) $200  to  $400  per  mile 

Class  II  and  III  traffic  (16-ft.  pavements) 100  to    200  per  mile 

Class  IV  traffic  (12-ft.  pavements) 100  per  mile 

Ditch  cleaning  is  largeh'  a  hand-tool  proposition  supplemented  in 
some  cases  by  blade  scraper  work. 

Guard  rail,  signs  etc.  are  routine  mechanical  operatwns. 

This  incidental  work  is  about  the  same  for  all  types  of  pavement. 
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Macadam  Pavements. — Macadam  pavement  maintenance  involves 
repair  of  small  areas  of  structural  weakness  such  as  frost  boils,  etc., 
the  repair  of  pot  holes  in  the  surface  due  to  ravelling  of  the  top  course 
and  the  care  of  minor  surface  irregularities  and  roughness  due  to  traffic 
wear. 

Frost  Boils. — Weak  areas  are  dug  up  and  replaced  by  new  pavement 
of  adequate  depth  reinforced  by  underdrains  if  necessary;  this  work 
follows  the  principles  of  depth  design  and  construction  methods  described 
under  Macadam  Design  and  Construction,  pages  191  to  249.  For  a  well- 
designed  pavement,  this  kind  of  work  rarely  exceeds  over  %o  of  1  per 
cent  of  the  area  per  year.  In  1917  in  New  York  State  82  miles  out  of  a 
total  of  5,600  miles  broke  through  or  l}^  per  cent  of  the  area.  These 
breaks  occurred  largely  on  the  old  thin  roads  totalling  2,000  miles  or  a 
percentage  of  4.2  per  cent  for  these  old  weak  pavements.  For  well- 
designed  macadam  pavements,  the  item  of  frost  boil  repair  should  not 
exceed  $50  per  mile  per  year.  Work  of  this  kind  is  done  by  the  large 
Gang  Organization  Unit  previously  described. 

Repair  of  Pot  Holes. — Pot  holes  due  to  ravel  of  the  surface  and  not  to 
structural  weakness  are  of  two  classes.  Incipient  depressions  less  than 
3^^  in.  deep  and  well-defined  holes. 

The  first  class  of  surface  defect  is  remedied  by  sweeping  out  the  hole, 
painting  it  with  a  thin  coat  of  maintenance  bitumen  (Cold  Patch  Fluid)  by 
means  of  pouring  pot  and  broom  adding  dustless  stone  or  slag  screenings 
and  tamping  thoroughly.  Screenings  containing  sharp  flint  or  other  hard 
material  should  not  be  permitted  on  account  of  tire  damage. 

Well-defined  holes  are  repaired  by  cutting  out  the  edges  of  the  hole  to 
a  square  edge,  painting  the  edge  and  bottom  with  cold  patch  liquid  and 
filling  the  hole  with  a  cold  patch  mixture  of  bitumen,  stone  and  sand  or 
stone  and  screenings.  For  depression  of  about  1-in.  depth  ^i-in.  stone  is 
used.  Holes  deeper  than  1  in.  are  dug  out  to  the  full  depth  of  the  top 
course;  squared  up  and  filled  with  regular  sized  top  stone  (1}-^  to  23=^-^  in.) 
rolled  with  a  10-ton  roller.  Some  engineers  advocate  light  rolling  but 
our  experience  indicates  that  the  stone  should  be  hard  rolled  but  not 
crushed.  Hot  binder  grade  bitumen  is  then  poured  as  for  penetration 
macadam  and  filled  with  screenings.  The  patch  is  rolled  lightly  at  once 
and  thoroughly  the  next  morning  after  the  bitumen  has  hardened  a  little. 
A  seal  coat  can  be  added  but  is  rarely  necessary  as  patching  of  holes  is 
generally  preliminary  to  extensive  surface  oiling.  Work  of  this  kind  is 
done  by  the  regular  patrol  gang.  The  amount  of  material  required  has  a 
wide  range  for  different  roads. 

In  1922,  patching  holes  of  this  kind  on  Division  7  required  from  10  to 
60  tons  of  stone  or  slag  per  mile  (50  per  cent  i^4-in.  and  50  per  cent  screen- 
ings) and  from  200  to  1,200  gal.  of  some  kind  of  bitumen  per  mile.  Cost 
of  this  work  is  difficult  to  segregate  but  is  probably  about  .|150  to  $200  per 
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mile  average  on  waterbound  and  about  $50  to  $100  per  mile  on  bituminous 
macadam  under  Class  II  and  III  traffic. 

Cold  patch  bituminous  compounds  are  a  comparatively  recent 
development.  There  are  a  number  of  satisfactory  materials  on  the 
market,  the  best  known  being  some  form  of 

1.  Asphaltic  cnudsion. 

2.  Tar  cut  back. 

3.  Asphalt  cut  back. 

Good  results  can  be  obtained  with  all  these  materials.  Locally,  the 
best  results  have  been  obtained  with  the  asphaltic  emulsion  but  it  is  the 


Handy  rig  for  patrolman  to  transport  bituminous  patching  material. 


most  expensive  and  will  not  keep  over  winter.  The  tar  cut  back  is 
better  for  early  spring  use  as  it  flows  better  at  cool  temperatures  and  is  not 
damaged  by  winter  storage.  The  cut  back  cold  patch  mixture  requires 
from  15  to  20  gal.  of  standard  fluid  per  cubic  yard  of  mixed  stone  and  sand 
or  stone  and  screenings.  Asphalt  emulsion  requires  a  little  more  about  0.9 
gal.  per  cubic  foot  of  stone.  The  manipulation  of  this  material  is  well 
described  in  the  following  quotation  from  the  Barrett  Company's  "Vest 
Pocket  Handbook."  Maintenance  men  say  that  the  greatest  difficulty 
they  experience  in  connection  with  the  use  of  this  material  is  the  tendencj^ 
on  the  part  of  the  patrolman  to  use  too  much  fluid  as  the  mixture  is  easier 
to  prepare  under  such  treatment.  Don't  use  too  much  bitumen  as  it 
produces  a  patch  which  tends  to  creej)  and  shove  under  traffi,c  action. 
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MANIPULATION   OF  TARVIA-KP 

Tarvia-KP  is  a  material  that  can  be  used  for  patching  at  any  time  of  the  year.  It  is  as 
serviceable  in  winter  as  it  is  in  summer. 

Intelligent  use  keeps  bituminous  macadam  and  other  bituminous  pavements  in  perfect 
condition  all  the  time.  Holes  in  wood  block,  brick  and  stone  block  may  be  successfully 
patched  with  it. 


Fig.  159.A. 

A,  B,  C  and  Z>,  mixing  by  hand  and  machine.     E,  F,  storing.   G,  preparing  hole  for 

patch.     H,  spreading  and  compacting. 

Tarvia-KP  is  used  cold.  It  is  used  at  any  time,  in  any  place.  A  batch  of  the  mix  may 
be  made  today,  and  need  not  be  used  until  it  is  required,  weeks  hence.  Batches  may  be 
made  on  rainy  days  and  stored  away  for  use  later  on,  thus  keeping  the  repair-gang  busy, 
rain  or  shine. 

Holes  and  How  to  Patch  Them 

Usually,  holes  are  of  one  of  two  kinds:  They  either  are  breaks  in  the  skin-surface  of  the 
road,  or  they  are  deep  depressions.  The  breaks  can  usually  be  mended  by  carefully 
sweeping  them  out  and  proceeding  as  is  described  below  under  the  penetration  method;  the 
deep  depressions  repaired  by  either  the  mixed  method  or  the  penetration  method. 
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No  hard  and  fast  rule  for  proportioning  the  ingredients  of  the  mix  can  be  given,  as 
sands  and  stone  vary  greatly  in  quality;  but,  in  general,  the  following  will  be  found  to  work 
satisfactorily: 

One  cubic  yard  of  a  mixture  of  1  part  sand  and  3  parts  of  ^4-in.  stone.  (Stone  held 
on  ^2 -in.  screen  and  passing  l3'4-in.  screen.)      Sixteen  to  eighteen  gallons  of  Turvia-KP. 


{Courtesy  of  the  Barrett  Co.). 
Fig.   Ljyii. — Manipulation  of  cold  patch.     (KP). 

7,  /,  K  and  L,  spreading  and  compacting. 

.V,  a  well  kept  macadam  pavement  in  a  residential  street. 

These  may  be  mixed  by  hand,  using  shovels  and  turning  the  mix  about  seven  times  or 
they  may  be  mixed  in  a  concrete  mixer  of  the  batch  type.  A  full  minute  is  required  to  mix 
the  materials  in  a  mixer. 

After  the  mix  has  been  made,  it  may  be  either  used  immediately  on  the  road  or  it  may 
be  stored  away  for  future  use,  covering  it  over  with  a  tarpaulin  or  other  suitable  shield  to 
keep  the  rain  out.  While  the  mix  is  set  away  it  is  curing.  A  hard  crust  will  form  on  the 
outside,  but  this  will  in  no  way  injure  the  bulk.  The  mix  will  be  found  to  be  in  perfect 
condition  6  weeks,  and  even  longer,  after  mixing.  A  pickax  will  loosen  the  tarred  stone  so 
that  it  may  be  shoveled  into  a  cart  or  wheelbarrow  and  taken  to  the  point  of  application 


Filling  Holes 

Cut  the  sides  of  the  hole  vertically,  and  clean  out  the  old  material  thoroughly.  If  the 
hole  is  over  an  inch  in  depth,  fill  to  within  1  in.  of  the  top  with  clean  broken  stone  and 
tamp.  The  larger  the  stone  up  to  23-2  in.  that  can  be  used  for  this  work,  the  better.  In 
other  words,  the  stone  is  to  furnish  a  firm  foundation  for  the  patch.     The  stone  should  bo 
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thoroughly  rammed.  Then  paint  the  hole  to  be  patched  with  a  light  coat  of  Tarvia-KP 
(from  3>^  to  ^^  gal.  to  the  square  yard),  and  deposit  the  mix  therein.  Place  a  quantity 
sufficient  to  a  little  more  than  fill  the  hole  flush  with  the  surface,  and  then  tamp  with  a 
heavy  iron  tamper,  or  roll  with  a  road-roller  until  the  surface  of  the  patch  is  level  with  the 
surrounding  surface  of  the  pavement.  Apply  a  light  seal-coat  of  Tarvia-KP,  cover  with 
screenings,  and  the  patch  is  ready  for  traffic. 

A  dish-shaped  shallow  hole  may  be  patched  the  same  way,  or  by  the  penetration 
method. 

Great  care  must  be  taken  to  see  that  not  too  much  Tarvia-KP  is  used.  Use  too  little 
rather  than  too  much.  Too  much  acts  as  a  lubricant  for  a  time  and  tends  to  make  the 
patch  creep  out  of  the  hole. 

It  does  not  matter  how  large  or  how  small  the  patch  is,  Tarvia-KP  will  mend  it. 

Penetration  Method 

Instead  of  mixing  the  ingredients,  a  penetration-method  patch  may  be  made.  Owing 
to  the  fluidity  of  Tarvia-KP  the  method  is  not  usually  so  good  as  the  mixed  method  except 
for  very  small  holes.  The  hole  is  cleaned  out,  a  paint  coat  of  the  liquid  about  j^  gal.  to  the 
square  yard  is  spread  over  the  bottom,  and  3-in.  stone  is  deposited  so  that  the  hole  is 
slightly  more  than  filled.  Tarvia-KP  is  then  poured  over  the  stone,  using  for  each  square 
yard  about  ^  gal.  for  each  inch  in  depth  of  stone.  The  patch  is  covered  with  screenings 
and  thoroughly  tamped  with  a  heavy  iron  tamper.  A  light  seal-coat  about  }i  gal.  per 
square  yard,  is  then  spread  over  the  patch  and  it  is  allowed  several  days  in  which  to  set  up 
before  traffic  is  admitted,  although  this  is  not  absolutely  necessary. 

PATCHING  SHEET  ASPHALT^ 

The  old  sheet  asphalt  and  binder  should  be  removed  and  the  hole  cleaned  out. 
Paint  the  bottom  of  the  hole  with  a  light  coat  of  Tarvia-KP.  Place  the  mix,  roll, 
spread  the  seal-coat  of  Tarvia-KP.  Place  the  mix,  roll,  spread  the  seal-coat,  and 
use  screenings  as  before.     The  mix  should  be  made  as  follows : 

One  part  sand,  three  parts  stone,  varying  in  size  and  grading  of  stone  to  suit  the 
hole  to  be  patched  and  the  local  stone  conditions.  The  mix  should  be  so  propor- 
tioned that  it  will  tamp  solid.  No  excess  sand  should  be  used  or  a  rolling-patch 
will  develop.  Sixteen  to  eighteen  gallons  of  Tarvia-KP  to  the  cubic  yard  is  the  usual 
requirement. 

MISCELLANEOUS  PATCHING^ 

Concrete  Pavements. — Holes  in  brick  and  cement  pavements  may  be  patched  in 
the  manner  already  described.  Cracks  in  these  pavements  may  be  repaired  by 
first  cleaning  them  out  thoroughly,  and  then  filling  them  with  a  mastic  made  of 
Tarvia-KP  and  fine  sand,  using  a  slight  deficiency  of  sand  so  that  the  liquid  may 
find  entrance  into  the  crack  or  joint,  and  yet  not  thin  enough  to  flow  away  easily. 

Wood  Block  Pavements. — It  sometimes  happens  that  a  hole  develops  in  a  wood- 
block pavement,  and  that  there  are  no  blocks  available  to  patch  with.  A  Tarvia-KP 
patch,  made  the  same  as  for  bituminous  macadam,  will  serve  well  until  such  time  as  a 
wood  block  patch  can  be  substituted. 

BRIDGE  FLOORS 

The  wear  and  tear  on  plank  floors  on  bridges  is  considerable  and  has  led  a  number 
of  county  engineers  and  others  to  take  up  the  planks  and  substitute  a  concrete  floor. 
This  is  always  a  dangerous  change  to  make,  for  the  bridges  are  not  usually  designed 
for  the  increased  dead  load  of  a  concrete  floor.     A  safer  and  better  plan  is  to  put  a 

1  For  temporary  relief  only. 
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Tarvia-KP  top  over  the  plank  floor.     This  will  add  comparatively  little  weight  and 
will  provide  an  excellent  roadway.     The  method  of  construction  is  as  follows: 

Sweep  the  planks  thoroughly  and  when  they  are  dry  apply  a  light  paint-coat  of 
Tarvia-KP,  about  }i  gal.  to  the  square  j-ard.  Place  a  2-in.  mixed  top  made  of  ^4-in. 
stone,  sand  and  the  liquid  in  the  proportions  given  under  "Holes  and  How  to  Patch 
Them."  This  may  be  placed  to  have  a  depth  of  23^  in.  at  the  center  and  1  in.  at 
the  sides,  when  rolled.  Roll  or  tamp  well,  give  a  ^s-gal.  seal-coat  of  the  liquid  and 
cover  with  screenings  or  sand. 

RESURFACING  OLD  MACADAM  WITH  TARVIA-KP  MIX' 

Usually  the  old  macadam  is  scarified  and  reshaped  with  the  addition  of  new 
stone  if  necessary.  If,  however,  the  surface  is  in  general  in  good  condition,  the  ruts 
and  depressions  are  repaired  with  a  mix  of  crushed  stone  and  Tarvia-KP.  The  road 
is  then  swept  and  a  paint-coat  of  the  liquid  is  applied  to  the  entire  road-surface. 
On  this  a  mix  of  sand,  broken  stone,  and  Tarvia-KP  is  spread  to  a  depth  of  23-2  in. 
and  rolled.  When  the  rolling  is  completed,  a  seal-coat  of  Tarvia-KP  is  applied 
and  the  new  top  is  covered  with  pea-gravel  or  stone-chips.  The  road  is  allowed  to 
set  up  for  several  days  before  traffic  is  turned  onto  it. 

The  mix  is  made  in  a  concrete  mixer.  For  a  small  mixer  a  good  proportion  has 
been  found  to  be  1  cu.  ft.  of  sand,  4  cu.  ft.  of  stone,  and  3  gal.  of  Tarvia-KP.  These 
are  mixed  for  one  full  minute  at  least,  and  are  then  dumped  in  a  pile  to  cure  for  a 
week.  At  the  close  of  the  day's  work,  a  quart  of  kerosene  and  two  shovelfuls  of 
stone  are  revolved  in  the  mixer  to  clean  it  out. 

If  the  mix  shows  a  tendency  to  wave  under  the  roller  to  any  great  extent,  let  it 
cure  for  a  day  or  so.  The  volatile  oils  will  evaporate,  leaving  the  mix  stiffer  and 
firmer. 

Tarvia-KP  is  supplied  in  barrels.  It  can  be  stored  without  deterioration  indefi- 
nitely, even  in  winter  weather.  It  is  well,  however,  to  stir  the  contents  before  using. 
The  barrels  hold  approximately  50  gal.  Where  there  are  facilities  for  storing  the 
liquid  in  bulk,  it  may  be  supplied  in  tank-cars.  The  storage-tank  should  be  supplied 
with  coils  or  other  means  for  heating  the  liquid  in  cold  weather.  Tank-cars  hold 
from  8,000  to  10,000  gal.  Tarvia-KP  should  never  be  heated  in  open  tanks  or 
kettles.     It  can  never  be  mixed  with  very  hot  stone  or  sand. 

Use  Tarvia-KP  sparingly.     You  can  always  add,  but  you  cannot  subtract. 

Calcium  Chloride  Treatment. — The  use  of  calcium  chloride  as  a  tem- 
porary maintenance  method  for  the  first  season  on  waterbound  roads  is 
explained  on  page  205. 

Surface  Oiling. — Surface  oiling  produces  the  final  smooth,  dustless 
surface  demanded  by  modern  traffic.  It  is  the  final  stage  of  macadam 
maintenance.  All  structural  defects  and  surface  holes  must  be  repaired 
before  surface  oiling  is  done.  There  are  three  well-defined  conditions 
in  connection  with  this  work  which  require  different  methods  of  treatment. 

1.  Light  oiling  to  liven  up  a  comparatively  smooth  surface. 

2.  Medium  treatment  to  smooth  and  seal  a  rough  surface. 

3.  Heavy  hot  oiling  with  thick  cover  mat  to  repair  temporarily  a  road 

in  very  poor  condition. 

The  light  type  of  treatment  is  used  where  the  surface  texture  of  the 
pavement  is  similar  to  Fig.  85,  page  217.  That  is,  the  surface  is  smooth 
but  requires  some  bitumen  to  liven  up  the  binder  on  penetration  bitumi- 
nous macadams.     For  a  treatment  of  this  kind,  0.2  to  0.25  gal.  of  bitu- 

^  Resurfacing  with  cold  patch  is  rarely  desirable. 
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men  is  applied  after  the  road  is  swept  clean  of  dust  and  loose  material  of 
all  kinds.  The  oil  is  applied  by  mechanical  distributors  (Fig.  160)  one-half 
of  the  road  being  treated  at  a  time  to  avoid  inconvenience  to  traffic.     The 


Fig.   160. — Handy  sized  truck  for  maintenance  surface  oiling. 

oil  is  immediately  covered  with  a  light  coat  of  clean  sharp  sand,  dustless 
stone  or  slag  screenings  using  about  18  to  30  tons  of  cover  per  mile  of 
16-ft.  road.     The  road  surface  must  be  clean  when  the  oil  is  applied  but 


Fig.   161.^ — 16-ft.  Old   Tarvia  penetration   bituminous   nuicadam  rough  but  lirm  and  free 
from  holes  (Class  II A  traffic). 
This  road  was  successfully  treated  by  the  application  of  0.3  gallons  per  sq.  yd.  T.  C.  A. 
New  York  State  specifications  (page  442)  covered  with  100  tons  per  mile  slag  dustless 
screenings  rolled  thoroughly  with  10-ton  roller. 

slight  dampness  does  no  harm  so  long  as  water  is  not  standing  in  pools. 
Either  a  light  cold  tar  or  light  asphaltic  oil  can  be  successfully  used. 
Locally,  we  prefer  the  tar  for  treating  waterbound  macadam  or  tar 
penetration   macadams  and  prefer  the  light  asphaltic   oil  for  treating 
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asphalt  penetration  macadam,  see  specifications,  Items  68  and  73,  page 
439  and  442.  Sharp  sand  makes  the  best  cover  material  as  it  is  less 
likely  to  cause  excessive  tire  wear. 

The  medium  type  of  treatment  is  used  where  the  surface  is  rough  as 
shown  in  Fig.  161. 

The  manipulation  is  the  same  as  for  the  light  treatment  except  that 
a  little  more  oil  is  used  from  0.3  to  0.4  gal.  per  square  yard  and  more  cover 
80  to  100  tons  per  mile  of  16-ft.  road.  Three-fourth-inch  stone  rolled  until 
they  are  completely  crushed  may  be  used  for  cover  but  the  dustless 
screening  cover  rolled  in  is  better  practice. 

The  heavy  hot  oil  treatment  is  used  sparingly  as  when  a  road  gets 
into  the  condition  where  this  method  is  needed,  it  is  generally  better 
policy  to  do  a  good  job  of  resurfacing.  This  method  is  used  as  a  stop  gap 
to  save  a  road  where  the  funds  are  insufficient  for  a  new  top  course. 
From  0.6  to  0.7  gal.  per  square  yard  of  binder  grade  bitumen  (either  tar 
or  asphalt)  is  applied  hot  to  the  well-cleaned  surface  and  covered  with 
from  100  to  130  tons  per  mile  (16-ft.  road)  of  a  mixture  of  about  75  per 
cent  ^4-stone  and  25  per  cent  dustless  screenings.  This  cover  is  rolled 
hard  until  all  the  ^^^-in.  stone  are  crushed  down  to  the  screening  size.  The 
cost  of  this  treatment  ranges  from  $1,200  to  $1,600  per  mile  of  16-ft. 
road  (1922  cost  conditions). 

Surface  oiling  of  either  the  light  or  medium  method  is  routine  pro- 
cedure in  macadam  maintenance.  It  starts  the  second  season  on  water- 
bound  roads  and  continues  at  irregular  intervals  throughout  the  life  of 
the  surface.  It  costs  on  the  average  about  $350  to  $450  per  mile  for 
each  oiling  which  amounts  to  about  $300  per  mile  per  year  average  under 
Class  II  traffic  for  the  waterbound  type.  On  penetration  bituminous 
macadam  roads,  it  starts  the  second  season  on  tar  penetration  and  the 
third  or  fourth  season  on  asphalt  penetration  and  continues  at  irregular 
intervals  as  required.  It  costs  about  $350  to  $450  per  mile  for  each 
oiling  which  amounts  to  about  $150  to  $200  per  mile  per  year  average 
under  Class  II  traffic.     All  costs  are  1922  cost  conditions. 

The  following  tabulation  gives  a  rough  idea  of  the  relation  of  the 
different  items  of  maintenance  to  total  yearly  cost  for  16-ft.  macadam 
roads  well-designed  and  reasonably  well-maintained. 


Class  of  work 


Bituminous  macadam      I     Waterbound  macadam 


Class  II  traffic, 
cost  per  mile 


Class  III  traffic, 
cost  per  mile 


Repair  of  weak  areas . . 

Surface  patching 

Surface  oiling 

Shoulders,  ditches,  etc. 


50  to  100  150  to  200 

150  to  200  200  to  300 

150  100 


Totals i         $400  to  $500         |         $500  to  $650 

Note. — Each  of  these  items  includes  an  allowance  of  10  per  cent  for  administra- 
tive overhead  and  equipment. 
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The  following  quotation  from  the  Report  of  Fred  Sarr,  former  Mainte- 
nance Deputy  of  New  York  State,  reinforces  the  data  given. 

Efficient  maintenance  of  macadam  pavements,  particularly  of  the  waterbound  type, 
of  which  there  are  2,535  miles  in  the  State  system  of  improved  highways,  necessitates 
frequent  surface  treatments  with  bituminous  materials  or  constant  patching  of  the  holes 
that  rapidly  develop  under  the  present  day  motor  vehicle  traffic. 

Frequent  surface  treatments  are  objectionable  not  only  from  a  traffic  standpoint, 
but  from  the  fact  that  such  treatments  tend  to  build  up  an  unstable  mat  of  bituminous 
material  and  mineral  aggregate  on  the  surface  of  the  pavement  that  is  displaced  by  the 
fast-moving  motor  vehicle  traffic,  and  develops  a  rough  and  uneven  surface. 

It  has,  accordingly,  been  the  policy  of  this  Bureau  to  restrict  the  use  of  surface  treat- 
ments and  wear  the  surface  mat  down  as  this  is  possible  before  giving  another  general 
surface  treatment. 

This  method,  while  tending  to  provide  a  smoother  surface,  requires  constant  patching 
during  the  later  stages  of  the  wearing  down  process. 

Much  time  and  thought  have  been  given  to  the  study  of  the  results  obtained  by  various 
methods  of  manipulation  and  materials  used  in  patching  macadam  surfaces. 

In  making  these  patches  to  pavements  carrying  any  considerable  amount  of  motor 
vehicle  traffic,  it  is  necessary  to  bind  the  mineral  aggregate  with  some  form  of  bituminous 
material. 

Light  asphaltic  oils  and  refined  tar  products,  similar  to  those  used  for  surface  treat- 
ments, have  been  used  extensively  for  light,  thin  patches,  painting  the  area  to  be  patched 
with  the  bituminous  material  and  covering  with  stone  chips  or  sand. 

Heavy  binders  that  require  heating  have  been  used  in  the  same  manner. 

The  most  satisfactory  results  have  been  obtained,  where  the  required  patch  must  be 
}  2  in.  or  more  in  depth,  by  mixing  the  mineral  aggregate  with  a  heavy  asphalt  or  tar 
binder,  cut  back  with  light  voltaic  oils  to  a  consistency  that  will  mix  readily  with  the  mineral 
aggregate  when  cold,  also  with  an  emulsified  asphalt  binder  used  in  the  same  manner. 

The  bituminous  material  and  stone  aggregate,  being  mixed  either  by  hand  or  in  a  small 
concrete  mixer,  permits  of  a  proper  proportioning  of  the  materials  which  has  been  demon- 
strated to  be  about  6  per  cent  in  weight  of  solid  bitumen  or  mineral  aggregate  used,  or  about 
1  gal.  of  the  cut  back  or  emulsion  per  cubic  foot  of  crushed  stone. 

With  asphalt  cut  back  the  best  results  have  been  obtained  by  using  a  material  made  from 
an  asphalt  binder,  having  a  penetration  of  about  165,  cut  back  with  about  33  per  cent  in 
weight  of  naphtha. 

With  tar  cut  back  the  best  results  have  been  obtained  with  a  material  made  from  a 
refined  tar  binder  having  a  melting  point  of  about  60°C.,  cut  back  with  about  40  per  cent 
in  weight  of  tar  oils,  of  which  at  least  60  per  cent  shall  distil  up  to  235°C. 

A  very  satisfactory  material  for  patching  purposes  is  an  emulsified  asphalt  containing 
about  65  per  cent  of  asphalt  binder  having  a  penetration  of  about  165. 

This  material  may  be  diluted  with  water  if  desired,  and  may  be  mixed  with  wet  mineral 
aggregate  when  found  in  that  condition.  It  readily  separates  from  the  emulsified  state 
when  combined  with  crushed  stone  in  the  so-called  open  mix. 

The  resultant  adhesive  qualities  of  an  emulsified  asphalt  appear  to  be  better  than  can 
be  obtained  by  the  same  asphalt  in  any  other  form. 

The  only  tangible  reason  advanced  for  this  result  is  that  the  water  in  the  emulsion  may 
carry  the  binder  into  the  pores  of  the  material  or  pavement  to  which  it  is  applied. 

The  patch  made  with  emulsified  asphalt  hardens  to  a  condition  of  stability  much  quicker 
than  one  made  with  cold  oils  or  tars  or  cut  back  binder  that  we  have  used,  and  is,  for  this 
reason,  preferable  to  those  materials  for  patching  work  on  heavy  traffic  highways. 

Very  good  results  have  been  obtained  with  the  cut  back  tar  cold  patch  material,  particu- 
larly on  medium  to  light  traffic  highways,  where  the  patching  material  is  not  thrown  about 
by  traffic  to  any  great  extent. 

In  order  to  obtain  efficient  results  in  patching  with  a  tar  binder,  it  is  necessary  to  make 
a  so-called  close  mix,  by  using  a  graded  mineral  aggregate  having  a  minimum  amount  of 
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voids,  which,  however,  will  not  permit  the  volatile  oils  to  evaporate  as  fast  and  the  patch 
to  become  stable  as  quickly  as  may  be  obtained  with  asphalt  emulsion  when  used  in  the 
open  mix.  It  is,  accordingly  preferable  when  using  tar,  to  mix  same  with  the  mineral 
aggregate  and  leave  in  shallow  piles  for  about  2  days  before  applying  to  the  road  surface. 

The  necessity  for  using  the  close  mix  with  tar  binders,  is  due  to  the  fact  that  tar  pro- 
ducts are  more  susceptible  to  the  heat  and  cold  than  asphalts. 

In  other  words,  if  starting  with  the  two  materials  of  the  same  consistency  at  60°F.  and 
the  temperature  is  raised  to  that  of  a  pavement  on  a  hot  summer  day,  say  130°F.,  the  tar 
is  much  more  fluid  than  the  asphalt  and  tends  to  flow  away  from  the  open  minimum 
aggregate,  and  the  open  patch  will  show  a  tendency  to  ravel.  Again  when  the  temperature 
is  reduced  to  that  of  a  pavement  on  a  winter  day,  the  tar  becomes  much  more  brittle  than 
the  asphalts  and  again  the  open  patch  with  tar  binder  is  much  more  liable  to  ravel  out  than 
one  made  with  asphalt  binder. 

A  comparison  of  the  result  obtained  with  the  two  materials  each  of  which  contains  a 
quantity  of  the  semi-volatile  oils  sufficient  to  permit  them  to  be  applied  to  the  surface  of  the 
pavement  at  60°F.  as  a  surface  treatment,  demonstrates  that  the  tar,  by  reason  of  its 
greater  fluidity  on  a  hot  sumnaer  day,  will  penetrate  the  old  pavement  to  a  greater  extent 
than  the  asphalts,  and  thereby  serves  more  as  a  binder  to  the  old  pavement.  It  is  for  this 
reason  that  cold  tars  are  generally  used  as  the  first  and  second  treatment  of  a  waterbound 
macadam  pavement.  Subsequent  treatments  of  heavy  asphaltic  oils,  carrying  about  65  per 
cent  of  solid  bitumen,  will  give  more  efficient  and  lasting  results  if  used  conservatively, 
that  is,  if  the  successive  treatments  do  not  follow  each  other  too  closely. 

When  successive  treatments  are  given  every  year  as  a  dust  layer  or  to  obviate  the 
necessity  for  patching,  cold  tar  is  preferable  in  that  it  does  not  build  up  a  mat  on  the  surface 
of  the  pavement  to  the  extent  obtained  with  asphaltic  oils. 

Pro\-iding  a  mat  is  built  up  with  successive  tar  treatments,  the  same  will  generally  lie 
flat  and  not  shove  under  traffic,  and  develop  a  wavy  and  corrugated  surface  as  is  often 
obtained  with  too  frequent  surface  treatments  with  asphaltic  oils. 

This  resulting  difference  is  due  to  the  aforesaid  difference  in  consistency  at  summer 
temperatures  of  the  pavements. 

The  tar  being  so  fluid  at  summer  temperature,  it  appears  to  retain  a  smooth  surface  by 
the  effect  of  gravity,  while  the  asphalt  simply  softens  sufliiciently  to  permit  the  surface  mat 
to  be  displaced  by  traffic,  which  displacement  increases  from  day  to  day  and  often  necessi- 
tates the  entire  removal  of  the  old  mat. 

Another  factor  to  be  considered  in  deciding  upon  the  material  to  be  used  for  the  surface 
treatment  is  the  condition  of  the  old  pavement. 

Where  the  old  macadam  is  composed  largely  of  small  particles  of  crushed  rock  and  dust, 
and  is  in  a  more  or  less  loosened  condition,  and  is  subject  to  displacement  by  traffic,  a  light 
asphaltic  oil  is  preferable  to  cold  tar  for  surface  treatments.  The  asphaltic  oil  treatment 
develops  into  a  mat  or  carpet  over  the  macadam  which  remains  more  or  less  plastic,  even 
at  low  temperatures,  and  displacement  of  the  macadam  under  traffic  does  not  result  in  the 
shattering  and  the  ultimate  destruction  of  the  mat  to  the  extent  obtained  under  similar 
conditions  with  tar  treatments. 

Also  for  the  same  reason,  asphaltic  oils  give  the  best  results  on  pavements  where  steel- 
shod  traffic  predominates. 

The  best  results  obtained  with  tar  treatments  are  where  the  old  macadam  pavement  is 
clean  or  free  from  dust  and  where  the  pavement  is  firm  and  sound,  and  the  stone  fragments 
do  not  displace  under  traffic,  and  where  motor  vehicle  traffic  predominates,  also  where  a 
minimum  amount  of  cover  material  is  used  in  conjunction  with  bitunainous  material. 

Macadam  pavements  surface  treated  with  tar  are,  however,  much  more  slippery  for 
horse  traffic  in  cold  weather  than  those  treated  with  asphaltic  oils. 

In  my  report  of  a  year  ago,  I  discussed  to  some  length  the  subject  of  the  extensive 
breaking  through  of  many  of  the  pavements  during  the  spring  months. 

Referring  to  such  report  it  will  be  noted  that  the  total  area  actually  broken  during  the 
spring  of  1916  was  equivalent  to  82  miles  of  pavement  16  ft.  wide,  and  that  the  broken 
areas  were  distributed  over  many  projects  aggregating  to  a  total  of  1,939  miles,  of  which 
an  average  of  4.2  per  cent  was  broken  through. 

During  the  season  of  1916,  about  75  per  cent  of  the  total  broken  areas  were  substantially 
repaired,  and  about  238  miles  of  the  weaker  pavements  were  resurfaced. 
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The  spring  of  1917  appeared  to  be  a  repetition  of  the  previous  year  as  to  the  amount  of 
broken  pavements. 

The  result  of  a  survey  to  determine  the  extent  of  the  broken  pavements  when  tabulated 
indicates  that  the  total  broken  areas  were,  however,  but  60  per  cent  of  the  total  of  the 
previous  year. 

The  total  length  of  the  various  projects  involved  aggregating  2,090  miles  about  9  per 
cent  larger  than  those  reported  in  the  previous  year.  Of  this  total  length  the  equivalent 
of  about  48  miles  of  pavement  16  ft.  wide  was  broken  up  or  about  2j^  per  cent  of  the  total 
length  involved. 

MATERIALS— NEW  YORK  SPECIFICATIONS 

Item  64 — Specification  for  Bituminous  Material  A 
Mixing  Method  (Type  1) 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homogeneous  solution. 

3.  It  shall  have  a  specific  gravity  at  77°F.  of  not  less  than  0.99. 

4.  It  shall  have  a  penetration  (77°F.,  100  g.,  5  sec.)  of  not  less  than  70  nor  more  than 
85. 

5.  It  shall  have  an  oven  evaporation  loss  of  less  than  4  per  cent.  The  penetration 
(77°F.,  100  g.,  5  sec.)  of  this  residue  shall  be  at  least  50  per  cent  of  the  original  penetration. 

6.  Its  solubility  at  air  temperature  in  carbon  disulphide,  for  the  following  named 
products,  shall  be  at  least  99.5  per  cent  for  pure  bitumen  products,  95  per  cent  for  Ber- 
mudez  products,  81  per  cent  for  Cuban  products  and  66  per  cent  for  Trinidad  products. 

7.  The  solubility  of  the  bitumen,  at  air  temperature,  in  76°Be.  paraffin  petroleum  naph- 
tha distilling  between  140°  and  190°F.  shall  be  between  68  and  88  per  cent. 

8.  The  bitumen  shall  show  between  8  and  17  per  cent  fixed  carbon. 

9.  It  shall  show  an  open  flash  point  not  less  than  375°F. 

10.  It  shall  not  contain  more  than  4.7  per  cent  paraffin  scale. 

11.  It  shall  show  a  toughness  at  32°F.,  not  less  than  10  cm.  Toughness  is  determined 
by  breaking  a  cylinder  of  the  material  1^4  in.  in  diameter  by  1^^  in.  in  height  in  a  Page 
impact  machine  (A.  S.  T.  M.  1908).  The  first  drop  of  the  hammer  being  from  a  height  of 
5  cm.  and  each  succeeding  blow  increased  by  5  cm. 

12.  It  shall  have  a  ductility  at  77°F.  of  not  less  than  25  cm.   (Dow  mold). 

All  bituminous  material  A  shall  be  sampled  by  an  Engineer  of  the  Department  of  High- 
ways and  samples  sent  to  the  Bureau  of  Tests,  Albany,  N.  Y. 

Item  65 — Specification  for  Bituminous  Material  A 
Mixing  Method  (Type  2)(Topeka) 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homogeneous  solution. 

3.  It  shall  have  a  specific  gravity  at  77°F.  of  not  less  than  0.99. 

4.  It  shall  have  a  penetration  (77°F.,  100  g.,  5  sec.)  of  not  less  than  50  nor  more  than  65. 

5.  It  shall  have  an  oven  evaporation  loss  of  less  than  4  per  cent.  The  penetration 
(77°F.,  100  g.,  5  sec.)  of  this  residue  shall  be  at  least  50  per  cent  of  the  original  penetration. 

6.  Its  solubility  at  air  temperature  in  carbon  disulphide,  for  the  following  named 
products,  shall  be  at  least  99.5  per  cent  for  pure  bitumen  products,  95  per  cent  for  Bermudez 
products,  81  per  cent  for  Cuban  products  and  66  per  cent  for  Trinidad  products. 

7.  The  solubility  of  the  bitumen,  at  air  temperature,  in  76°B.  paraffin  petroleum 
naphtha  distilling  between  140  and  190°F.  shall  be  between  68  and  88  per  cent. 

8.  The  bitumen  shall  show  between  8  and  17  per  cent  fixed  carbon. 

9.  It  shall  show  an  open  flash  point  not  less  than  375°F. 

10.  It  shall  not  contain  more  than  4.7  per  cent  paraffin  scale. 

11.  It  shall  show  a  toughness  at  32°F.  not  less  than  10  cm.  Toughness  is  deter- 
mined by  breaking  a  cylinder  of  the  material  1^^  in.  in  diameter  by  1^4  in.  in  height  in  a 
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Page  impact  machine,  (A.  S.  T.'M.  1908).  The  first  drop  of  the  hammer  being  from  a 
height  of  5  cm.  and  each  succeeding  blow  increased  by  5  cm. 

12.  It  shall  have  a  ductility  at  77°F.  of  not  less  than  25  cm.  (Dow  mold). 

All  bituminous  material  A  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Item  66 — Specification  for  Bituminous  Material  A 
Penetration  Method 

This  material  shall  have  the  foUowiiig  characteristics: 

1.  It  shall  be  free  from  water. 

2.  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homogeneous  solution. 

3.  It  shall  have  a  specific  gravity  at  77°F.  of  not  less  than  0.99. 

4.  It  shall  have  a  penetration  (77°F.,  100  g.,  5  sec.)  of  not  less  than  110  nor  more  than 
160. 

5.  It  shall  have  an  oven  evaporation  loss  of  less  than  4  per  cent.  The  penetration 
(77°F.,  100  g.,  5  sec.)  of  this  residue  shall  be  at  least  50  per  cent  of  the  original  penetration. 

6.  Its  solubility  at  air  temperature  in  carbon  disulphide,  for  the  following  named 
products,  shall  be  at  least  99.5  per  cent  for  pure  bitumen  products,  95  per  cent  for  Ber- 
mudez  products,  81  per  cent  for  Cuban  products  and  66  per  cent  for  Trinidad  products. 

7.  The  solubility  of  the  bitumen,  at  air  temperature,  in  76°B.  paraffin  petroleum  naphtha 
distilling  between  140  and  190°F.  shall  be  between  70  and  88  per  cent. 

8.  The  bitumen  shall  show  between  8  and  17  per  cent  fixed  carbon. 

9.  It  shall  show  an  open  flash  point  not  less  than  375°F. 

10.  It  shall  not  contain  more  than  4.7  per  cent  paraffin  scale. 

11.  It  shall  show  a  toughness  at  32°F.  not  less  than  15  cm.  Toughness  is  determined 
by  breaking  a  cylinder  of  the  material  l^i  in.  in  diameter  by  l^i  in.  in  height  in  a  Page 
impact  machine,  (A.  S.  T.  M.  1908).  The  first  drop  of  the  hammer  being  from  a  height  of 
5  cm.  and  each  succeeding  blow  increased  by  5  cm. 

12.  It  shall  have  a  ductility  at  77°F.  of  not  less  than  40  cm.  (Dow  mold). 

All  bituminous  material  A  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Item  67 — Specification  for  Bituminous  Material  A 
Hot  Application 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water, 

2.  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homogeneous  solution. 

3.  It  shall  have  a  specific  gravity  at  77°F.  of  not  less  than  0.92. 

4.  When  evaporated  in  the  open  air  at  a  temperature  not  exceeding  500°F.  until  the 
residue  remaining  has  a  penetration  (77°F.,  100  g.,  5  sec.)  of  100,  the  amount  of  such 
residue  shall  not  be  less  than  65  nor  more  than  75  per  cent  of  the  original  oil.  The  ductilitj' 
at  77°F.  of  this  residue  shall  be  not  less  than  25  cm.  (Dow  mold). 

5.  It  shall  have  an  oven  evaporation  loss  of  not  less  than  12  nor  more  than  28  per  cent. 

6.  Its  solubility  at  air  temperature  in  carbon  disulphide  shall  be  at  least  99.5  per  cent. 

7.  Its  solubility  at  air  temperature  in  76°B.  paraffin  petroleum  naphtha  distilling 
between  140  and  190°F.  shall  be  between  83  and  97  per  cent. 

8.  It  shall  show  between  5  and  12  per  cent  fixed  carbon. 

9.  It  shall  not  contain  more  than  4.0  per  cent  paraffin  scale. 

All  bituminous  material  A  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Item  68 — Specification  for  Bituminous  Material  A 

Cold  Application 

This  material  shall  have  the  following  characteristics: 
1.   It  shall  be  free  from  water. 
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2.  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homogeneous  solution. 

3.  It  shall  have  a  specific  gravity  of  77°F.  of  not  less  than  0.92. 

4.  When  evaporated  in  the  open  air  at  a  temperature  not  exceeding  500°F.  until  the 
residue  remaining  has  a  penetration  (77°F.,  100  g.,  5  sec.)  of  100,  the  amount  of  such 
residue  shall  not  be  less  than  45  nor  more  than  55  per  cent  of  the  original  oil.  The  ductility 
at  77°F.  of  this  residue  shall  be  not  less  than  25  cm.  (Dow  mold). 

5.  It  shall  have  an  oven  evaporation  loss  of  less  than  30  per  cent. 

6.  Its  solubility  at  air  temperature  in  carbon  disulphide  shall  be  at  least  99.5  per  cent. 

7.  Its  solubility  at  air  temperature  in  76°B.  paraffin  petroleum  naphtha  distilling 
between  140  and  190°F.  shall  be  between  85  and  97  per  cent. 

8.  It  shall  show  between  4  and  8  per  cent  fixed  carbon. 

9.  It  shall  show  an  open  flash  point  of  not  less  than  100°F. 

10.  It  shall  not  contain  more  than  4.0  per  cent  paraffin  scale. 

All  bituminous  material  A  shall  be  sampled  by  an  Engineer  of  the  Department  of  High- 
ways and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Item  69 — Specification  for  Bituminous  Material  A 
Cut  Back 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homogeneous  solution. 

3.  When  distilled  (A.  S.  T.  M.  Standard  Method)  up  to  a  temperature  of  400°F., 
the  total  distillate  shall  not  be  less  than  22  nor  more  than  28  per  cent  by  weight.  The 
residue,  poured  from  the  flask  immediately  after  the  distillation,  shall  have  the  following 
characteristics: 

(a)    It  shall  have  a  specific  gravity  at  77°F.  of  not  less  than  0.99. 

(6)  It  shall  have  a  penetration  (77°F.,  100  g.,  5  sec.)  of  not  less  than  150  nor  more 
than  200. 

(c)  Its  solubility  at  air  temperature  in  carbon  disulphide  shall  be  at  least  99.5  per  cent. 

(d)  Its  solubility  at  air  temperature  in  76°B.  paraffin  petroleum  naphtha,  distilling 
between  140  and  190°F.  shall  be  between  75  and  88  per  cent. 

(e)  It  shall  show  between  8  and  16  per  cent  fixed  carbon. 

(/)   It  shall  not  contain  more  than  4.7  per  cent  paraffin  scale. 
(g)   It  shall  have  a  ductility  at  77°F.  of  not  less  than  40  cm.  (Dow  mold). 
All  bituminous  material  A  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Item  70 — Specification  for  Bituminous  Material  A 

Emulsion 

Every  proposal  on  asphaltic  emulsion  shall  be  accompanied  by  a  sample  of  the  emulsion, 
taken  by  an  Engineer  of  the  Department  of  Highways,  from  a  factory  lot  of  material 
of  not  less  than  20,000  gal.  The  samples  so  submitted  shall  meet  the  requirements  of  the 
following  specification. 

The  emulsion  shall  be  homogeneous. 

It  shall  mix  with  water  in  all  proportions. 

It  shall  be  of  such  fluidity  as  to  flow  readily  from  the  bung  hole  of  a  barrel. 

Any  material  accepted  at  the  time  of  shipment,  which  should  prove  to  be  defective 
within  30  days  after  date  of  delivery,  will  not  be  accepted  or  paid  for  by  the  Department 
of  Highways,  and  will  remain  the  property  of  the  Contractor,  except  when  separation 
has  been  caused  by  freezing. 

The  emulsion  must  be  of  such  stability  that  it  will  remain  constant  and  uniform  while 
being  combined  and  mixed  with  clean  wet  crushed  stone  sufficiently  to  thoroughly  and 
uniformly  coat  the  entire  surface  of  each  fragment  of  crushed  stone,  and  while  being  manipu- 
lated and  incorporated  into  the  work.  A  test  to  determine  the  stability  of  the  emulsion 
shall  be  made  as  follows: 
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A  500-g.  mixture  composed  of  93  per  cent  of  clean,  drenched,  No.  1  stone  (J'^  in.  to 
^  in.)  and  7  per  cent  of  emulsion  by  weight,  shall  show  no  appreciable  separation  of 
the  asphalt  contained  in  the  emulsion  after  a  vigorous  mixing  of  3  min. 

When  distilled  up  to  a  temperature  of  500°F.,  the  total  distillate  shall  not  be  less  than 
24  nor  more  than  30  per  cent.  Not  over  2  per  cent  of  this  distillate  shall  be  oil.  The 
residue  from  the  foregoing  distillation  shall  have  the  following  characteristics: 

1.  It  shall  have  a  specific  gravity  at  77°F.  of  not  less  than  0.99. 

2.  It  shall  have  a  penetration  (77°F.,  100  g.  5  sec.)  of  not  less  than  150  nor  more  than 
250. 

3.  Its  solubility  at  air  temperature  in  carbon  disulphide  shall  be  at  least  95.0  per  cent. 

4.  The  solubility  of  the  bitumen  at  air  temperature  in  76°B.  paraffin  petroleum  naphtha 
distilling  between  140  and  190°F.  shall  be  between  72  and  92  per  cent. 

5.  The  bitumen  shall  show  between  6  and  15  per  cent  fixed  carbon. 

6.  It  shall  contain  not  more  than  1.5  per  cent  of  ash. 

7.  It  shall  not  contain  more  than  4.7  per  cent  paraffin  scale. 

8.  It  shall  have  a  ductility  at  77°F.  of  not  less  than  40  cm.  (Dow  mold). 

All  Asphalt  Emulsion  shall  be  sampled  by  an  Engineer  of  the  Department  of  Highways 
and  samples  sent  to  the  Bureau  of  Tests,  Albany,  N.  Y. 

Item  71 — Specification  for  Bituminous  Material  T 

Penetration  Method 

Bituminous  material  to  be  furnished  under  this  item  shall  meet  the  requirements  of 
either  of  the  following  specifications: 

High  Carbon 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

3.  It  shall  have  a  specific  gravity  at  25°C.,  of  not  less  than  1.20. 

4.  It  shall  have  a  melting  point  (R.  and  B.)  of  not  less  than  30  nor  more  than  36°C. 

5.  It  shall  contain  not  less  than  12  nor  more  than  25  per  cent  of  free  carbon. 

6.  When  distilled  (A.  S.  T.  M.),  the  distillate  shall  be: 

Up  to  170°C 00 . 0  per  cent 

Up  to  235°C.  not  more  than 3.0  per  cent 

Up  to  270°C.  not  more  than 10.0  per  cent 

Up  to  300°C.  not  more  than 14 . 0  per  cent 

The  residue  from  the  foregoing  distillation  shall  have  a  melting  point  (R.  and  B.), 
of  not  more  than  75°C. 

All  bituminous  material  T  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Low  Carbon 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

3.  It  shall  have  a  .specific  gravity  at  25°C.  of  not  less  than  1.16. 

4.  It  shall  have  a  melting  point  (R.  and  B.)  of  not  less  than  30°  nor  more  than  36°C. 

5.  It  shall  not  contain  more  than  5  per  cent  free  carbon. 

6.  When  distilled  (A.  S.  T.  M.),  the  distillate  shall  be: 

Up  to  17G°C 0 . 0  per  cent 

Up  to  235°C.  not  more  than 5.0  per  cent 

Up  to  270°C.  not  more  than 14.0  per  cent 

Up  to  300°C.  not  more  than 18 . 0  per  cent 
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The  residue  from  the  foregoing  distillation  shall  have  a  melting  point  (R.  and  B.), 
of  not  more  than  75°C. 

All  bituminous  material  T  shall  be  sampled  by  an  Engineer  of  the  Department  of  High- 
ways and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Item  72 — Specification  for  Bituminous  Material  T 
Hot  Application 

Bituminous  material  to  be  furnished  under  this  item  shall  meet  the  requirements  of 
either  of  the  following  specifications: 

High  Caebon 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

3.  It  shall  have  a  specific  gravity  at  25°C.  of  not  less  than  1.19. 

4.  It  shall  have  a  float  test  (N.  Y.  Test.  Lab.  Method)  at  50°C.  of  not  less  than  75 
nor  more  than  95  sec. 

5.  It  shall  contain  not  less  than  10  nor  more  than  22  per  cent  of  free  carbon. 

6.  When  distilled  (A.  S.  T.  M.),  the  distillates  shall  be: 

Up  to  170°C 0 . 0  per  cent 

Up  to  235°C.  not  more  than 10.0  per  cent 

Up  to  270°C.  not  more  than 16 . 0  per  cent 

Up  to  300°C.  not  more  than 20.0  per  cent 

The  residue  from  the  foregoing  distillation  shall  have  a  melting  point  (R.  and  B.) 
of  not  more  than  75°C. 

All  bituminous  material  T  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Low  Carbon 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

3.  It  shall  have  a  specific  gravity  at  25°C.,  of  not  less  than  1.14. 

4.  It  shall  have  a  float  test  (N.  Y.  Test.  Lab.  Method)  at  50°C.,  of  not  less  than  70 
nor  more  than  90  sec. 

5.  It  shall  contain  not  more  than  4  per  cent  of  free  carbon. 

6.  When  distilled  (A.  S.  T.  M.)  the  distillates  shall  be: 

Up  to  170°C.  not  more  than 1.0  per  cent 

Up  to  235°C.  not  more  than 12.0  per  cent 

Up  to  270°C.  not  more  than 20 . 0  per  cent 

Up  to  300°C.  not  more  than 25 . 0  per  cent 

The  residue  from  the  foregoing  distillation  shall  have  a  melting  point  (R.  and  B.), 
of  not  more  than  75°C. 

All  bituminous  material  T  shall  be  sampled  by  an  Engineer  of  the  Department  of  High- 
ways and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Item  73 — Specification  for  Bituminous  Material  T 

Cold  Applic.'Vtion 

Bituminous  material  to  be  furnished  under  this  item  shall  meet  the  requirements  of 
either  of  the  following  specifications: 
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Blended  Tar 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

2.  It  shall  have  a  specific  gravity  at  2o°C.,  of  not  less  than  1.14  nor  more  than  1.18. 

3.  The  viscosity  at  40°C.  when  tested  by  the  Engler  viscosimeter,  shall  not  be  less 
than  225  nor  more  than  300  sec.  for  the  first  100  c.c. 

4.  It  shall  contain  not  less  than  4  nor  more  than  12  per  cent  of  free  carbon. 

5.  When  distilled  (A.  S.  T.  M.),  the  distillates  shall  be: 

Up  to  170°C.  not  more  than 5.0  per  cent 

Up  to  235°C.  not  more  than 18 . 0  per  cent 

Up  to  270°C.  not  more  than 28 . 0  per  cent 

Up  to  300°C.  not  more  than 35 . 0  per  cent 

The  residue  from  the  foregoing  distillation  shall  have  a  melting  point  (R.  and  B.), 
of  not  more  than  70°C. 

All  bituminous  material  T  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Low  Carbon 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

2.  It  shall  have  a  specific  gravity  at  25°C.,  of  not  less  than  1.10  nor  more  than    1.13. 

3.  The  viscosity,  at  40°C.,  when  tested  by  the  Engler  viscosimeter,  shall  not  be  less 
than  225  nor  more  than  350  sec.  for  the  first  100  c.c. 

4.  It  shall  not  contain  more  than  4  per  cent  of  free  carbon. 

5.  When  distilled  (A.  S.  T.  M.),  the  distillates  shall  be: 

Up  to  170°C.  not  more  than 5.0  per  cent 

Up  to  235°C.  not  more  than 20 . 0  per  cent 

Up  to  270°C.  not  more  than 28 . 0  per  cent 

Up  to  300°C.  not  more  than 35.0  per  cent 

The  residue  from  the  foregoing  distillation  shall  have  a  melting  point  (R.  and  B.), 
of  not  more  than  70°C. 

All  bituminous  material  T  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Item  74 — Specification  for  Bituminous  Material  T 
Cut  Back 

This  material  shall  have  the  following  characteristics: 

1.  It  shall  be  free  from  water. 

2.  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

3.  It  shall  contain  from  0.0  to  3.0  per  cent  or  from  14  to  22  per  cent  free  carbon. 

4.  When  the  per  cent  of  free  carbon  is  from  0.0  to  3.0  the  specific  gravity  of  the  material 
shall  be  from  1.10  to  1.15,  and  when  the  per  cent  of  free  carbon  is  from  14  to  22,  the  specific 
gravity  of  the  material  shall  be  from  1.15  to  1.22.  The  specific  gravity  tests  being  taken 
at  25°C. 

5.  The  viscosity,  at  80°C.  when  tested  by  the  Engler  viscosimeter,  shall  not  be  less  than 
80  nor  more  than  120  sec.  for  the  first  100  c.c. 

6.  When  distilled  (A.  S.  T.  M.),  the  distillates  computed  on  the  basis  of  the  total 
bitumen  in  the  material  shall  be: 

Up  to  170°C.  not  less  than 4  per  cent 

Up  to  235°C.  not  less  than 18  per  cent 

Up  to  270°C.  not  less  than 26  nor  more  than  32  per  cent 

Up  to  300°C.  not  less  than 30  nor  more  than  35  per  cent 
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The  residue  from  the  foregoing  distillation  shall  have  a  melting  point  (R.  and  B.),  of 
not  more  than  75°C. 

All  bituminous  material  T  shall  be  sampled  by  an  Engineer  of  the  Department  of 
Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  New  York. 

Asphalt,  Topeka  Mix,  Amiesite,  Etc. — The  holes  which  develop  in 
the  bituminous  mixing  method  type  wearing  surfaces  should  be  repaired 
as  follows:  Excavate  the  old  material  at  the  defective  spot  the  entire 
depth  of  course,  so  that  the  edges  will  present  clean,  vertical  surfaces, 
these  surfaces  and  the  exposed  foundation  to  be  swabbed  or  painted  with 
hot  asphaltic  cement  or  paving  pitch,  the  hole  then  to  be  filled,  with  a 
mixture  similar  to  that  used  in  original  construction  whenever  practicable, 
using  sufficient  quantity  so  that  after  consolidation  by  rolling  (or  tamping 
in  case  the  extent  of  repairs  is  limited)  the  surface  of  the  new  patch  will 
be  3^^"  above  the  adjacent  pavement.  In  case  there  is  no  local  mixing 
plant  available,  or  the  limited  extent  of  repairs  do  not  justify  expense  of 
treatment  as  above,  holes  may  be  repaired  with  the  mixture  of  crushed 
stone  and  cold  patch  asphaltic  emulsion,  as  outlined  for  macadam 
surfaces. 

MAINTENANCE  (CONCRETE  PAVEMENTS) 

Quoted  from  Portland  Cement  Association  Handbook 

Maintenance  should  be  systematic  and  imperfections  given  immediate  attention. 

Cracks  and  Joints. — The  crack  or  joint  should  first  be  cleaned  with  a  sharp  hooked 
pick  and  stiff  brush,  care  being  taken  to  remove  all  loose  particles.  If  the  opening  is  too 
narrow  to  permit  cleaning  in  this  manner,  it  should  be  cleaned  with  an  air  jet  from  an 
automobile  tire  pump.  After  thorough  cleaning,  tar  should  be  poured  into  the  crack  in 
sufficient  quantity  just  to  flush  over  the  edges.  The  tar  should  then  be  covered  with 
coarse  dry  sand.  It  will  usually  be  found  desirable  to  remove  old  joint  material  to  a 
depth  of  J^  to  3^  in.  below  the  surface  of  the  concrete,  so  that  new  repair  materials  will 
have  a  good  bond. 

Care  shall  be  taken  not  to  pour  the  tar  in  such  quantities  that  an  unsightly  wide  strip 
is  made  on  the  surface.  By  bending  the  spout  of  the  tar  pot  so  that  a  long  narrow  open- 
ing is  provided  the  tar  can  be  poured  in  a  very  thin,  narrow  stream.  It  needs  but  a  little 
attention  to  pour  cracks  so  that  a  narrow  ribbon  of  tar  1  to  2  in.  in  width  is  left. 

Tar.— Refined  coal  tar  should  be  used,  having  a  melting  point  (^^-in.  cube  method  in 
water)  of  about  100°F.  The  tar  should  be  heated  from  225  to  250°F.  at  the  time  of  appli- 
cation and  may  be  applied  by  means  of  a  sprinkling  can  with  spray  nozzle  removed. 

As  a  matter  of  interest  the  following  quotation  from  the  Concrete  Highway  Magazine 
describes  the  latest  advance  in  Crack  Repair  Material: 

A  NEW  JOINT  FILLER  FOR  CONCRETE  PAVEMENTS 

By  L.  G.  Carmick 

Chemist,  Bureau  of  Public  Roads,  U.  S.  Department  of  Agriculture 

It  has  often  been  remarked  that  the  appearance  of  concrete  roads  is  greatly  marred  by 
the  unsightly  black  streaks  produced  when  cracks  are  filled  with  bituminous  materials. 
Although  in  general  the  bitumen  filler  serves  its  purpose  satisfactorily  as  a  maintenance 
material  the  sharp  contrast  between  the  black  bitumen  and  the  light-colored  concrete  is 
displeasing,  especially  when  the  markings  are  extremely  irregular.  A  light-colored  filler 
would  make  the  cracks  much  less  conspicuous  and  would  give  the  road  that  appearance  of 
uniformity  of  surface  so  much  to  be  desired. 
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Recently  a  search  for  such  a  filler  has  been  made  in  the  laboratory  of  the  Bureau  of 
Public  Roads.  The  qualities  desired  are  that  it  shall  be  sufficiently  elastic  to  expand  and 
contract  as  much  as  may  be  necessary,  sufficiently  durable  to  withstand  the  action  of 
traffic,  unaffected  by  water,  easily  applied,  reasonably  cheap,  and  of  the  same  color  as  the 
concrete. 

A  material  meeting  these  specifications  was  not  easily  found,  though  substances  having 
some  of  the  desired  qualities  were  already  available.  Among  substances  tested  may  be 
mentioned  the  following:  Substances  of  the  general  nature  of  putty;  combinations  of  glue 
and  molasses,  such  as  are  used  in  printing  press  rollers,  but  rendered  more  durable  by  means 
of  formaldehyde  or  chromic  acid;  vegetable  oils  polymerized  by  sulphur  chloride  and 
combined  with  a  mineral  filler;  and  combinations  of  viscose  with  either  sawdust  or  some 


Fig.   162. — New  patching  material  for  concrete  pavements. 


other  filling  material,  a  large  number  of  which  were  tried.  None  of  these  met  the  require- 
ments. It  was  thought  for  a  time  that  a  satisfactory  material  has  been  found  in  chicle. 
This  was  dissolved  in  gasoline,  about  twice  its  weight  of  whiting  added  together  with  the 
necessary  tinting  pigments,  and  the  result  was  a  fluid  that  could  be  poured  into  cracks  and 
which  hardened  with  the  evaporation  of  the  gasoline.  But  when  actually  tried  it  did  not 
withstand  the  action  of  traffic;  it  was  too  slow  in  hardening  and,  furthermore,  it  was  too 
expensive  to  be  really  practicable. 

At  last,  however,  something  has  been  found  which  really  seems  to  possess  all  the 
desired  qualities.  But  in  making  this  statement  it  is  necessary  to  add  that  practical 
experiments  have  not  yet  gone  far  enough  to  make  it  certain.  Further  modifications  may 
be  necessary  when  it  has  been  tried  out  on  a  large  scale  and  under  varying  conditions  of 
traffic  and  climate.  At  present,  on  the  basis  of  limited  experiment,  one  is  only  justified  in 
saying  that  it  seems  good. 

The  substance  referred  to  is  a  compound  of  rubber,  petroleum  oil  and  pine  rosin  and  a 
mineral  filler.  Crude,  unvulcanized  rubber  is  cut  with  about  twice  its  weight  of  kerosene 
or  light  lubricating  oil.  This  is  added  to  melted  rosin  and  thoroughly  incorporated  with  it. 
The  best  proportion  between  rubber  and  rosin  has  not  yet  been  determined.  ProbaVjly 
this  will  depend  upon  the  climate  in  which  the  material  is  to  be  used,  for  the  compound 
should  be  neither  too  soft  in  summer  nor  too  brittle  in  winter.  In  the  vicinity  of  Washing- 
ton 1  part  of  rubber  to  12  of  rosin  appears  to  be  satisfactory. 

It  is  a  matter  of  some  difficulty  thoroughly  to  incorporate  the  rubber  and  rosin.  Mere 
stirring  does  not  answer.  It  .seems  necessary  to  knead  or  pull  the  mixture  when  nearly 
cold,  very  much  as  taffy  is  worked.  However,  a  perfectly  smooth,  homogeneous  mixture 
can  be  obtained  with  patience  and  industry  and  one  then  has  an  exceedingly  sticky,  ductile 
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substance  of  a  dark  brown  color,  solid  when  cold  and  quite  fluid  at  110  to  125°C.  While  the 
mixture  is  fluid  twice  its  weight  of  "blanc  fixe"  is  added.  This  brings  the  color  down  to  a 
light  yellow,  and  then  by  the  addition  of  a  very  small  amount  of  carbon  black  the  color 
of  Portland  cement  concrete  can  be  matched  very  closely.  The  "blanc  fixe"  referred  to  is 
precipitated  barium  sulphate,  a  white  pigment  largely  used  in  the  paint  industry.  It  is 
better  than  ordinary  barytes,  or  natural  barium  sulphate,  because  it  is  more  opaque.  So 
far  it  has  been  found  to  be  the  most  satisfactory  pigment  for  the  purpose,  as  it  is  unaffected 
by  the  highly  acid  rosin  compound  and  is  fairly  cheap. 

This  crack  filler  can  be  manufactured  at  the  present  time  at  a  cost  for  materials  that 
should  not  exceed  10c.  a  pound.  It  can  be  shipped  in  barrels  or  other  containers  as 
easily  as  asphalt.  It  is  melted  at  the  roadside  in  open  kettles  and  poured  into  the  cracks. 
No  delay  of  traffic  is  necessary,  as  it  hardens  immediately.  While  the  cost  is  undoubtedly 
greater  than  asphalt  it  is,  after  all,  but  a  small  item  in  the  cost  of  a  concrete  road,  and  the 
greatly  enhanced  appearance  due  to  the  absence  of  unsightly  black  streaks  would  justify 
the  slightly  higher  price. 

A  considerable  quantity  of  the  material  is  now  being  manufactured  for  the  Bureau  and 
it  is  intended  to  give  it  a  thorough  test  in  the  near  future. 

Surface  Pockets. — A  pocket  in  the  surface,  1  to  3  in.  in  size,  due  to  soft  aggregates  or  the 
disintegration  of  a  lump  of  clay,  or  a  piece  of  coal  or  wood,  should  first  be  thoroughly 
cleaned.  It  should  then  be  filled  with  hard,  small  aggregates,  ranging  in  size  from  J-^ 
to  %  in.  Hot  tar  should  then  be  poured  into  the  opening  until  the  tar  is  flush  with  the 
surface.     Very  coarse,  dry  sand  should  then  be  sprinkled  on  the  tar  immediately. 

A  cold  mix  of  small  stone  and  emulsified  asphalt  has  been  successfully  used  for  this 
type  of  repair  work.      (See  page  430.) 

Slight  Depressions. — If  for  any  cause  a  slight  depression  has  formed,  it  can  be  coated 
with  tar,  very  coarse  sand  added,  covered  with  tar,  and  the  whole  covered  with  sand  and 
tamped  into  place. 


Fig.   163.— Patchinfj 


:i  cnurrcic  iiavenieut.      Poor  method: 
smear  of  bituminous  material. 


note  the  wide  unsightly 


Replacements. — If  it  is  necessary  to  cut  a  hole  through  the  entire  thickness  of  the 
concrete  slab,  gravel  should  be  placed  in  the  subba.se  and  thoroughly  rammed,  so  as  to 
form  a  compacted  base  on  which  the  new  concrete  will  rest.  Where  water  has  been 
allowed  to  stand  in  such  a  place,  it  should  be  compacted  after  the  water  has  been  removed 
and  just  before  laying  the  concrete.  Before  placing  the  concrete  the  sides  of  the  opening 
should  be  painted  with  a  mixture  of  neat  cement  and  water. 

The  consistency  of  the  concrete  should  be  sufficiently  stiff  to  require  considerable 
tamping  to  bring  water  to  the  surface  so  that  it  may  be  possible  to  ram  it  thoroughly  into 
place.  A  small  tamp,  made  of  a  2  by  1-in.  stick,  IS  in.  long,  should  be  used  to  ram  the 
concrete  adjacent  to  the  edges. 
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After  the  concrete  is  rammed  into  place  it  should  be  struck  true  to  the  surrounding 
surface.  A  repair  made  in  this  manner  cannot  be  told  from  the  old  pavement  after  a  few 
months'  use. 

A  new  patch  should  be  kept  moist  for  at  least  4  or  5  days,  and  protected  from  traffic 
at  least  10  days. 

Equipment  that  has  been  found  to  work  very  satisfactorily  and  economically  for  the 
maintenance  of  concrete  roads  by  the  Illinois  Division  of  Highways,  Department  of  Public 
Works,  is  shown  in  Figs.  158.4  and  158i3,  page  425. 

Block  Pavements. — Block  pavements  of  brick,  stone,  asphalt,  etc. 
properly  constructed  should  not  require  repairing  for  a  considerable  term 
of  years;  cracks  which  develop  should  be  grouted  with  hot  paving  pitch  or 
asphalt  binder;  areas  which  settle,  thereby  breaking  the  bond  of  the 
grouted  joints  resulting  in  crushing  or  cobbling  the  blocks,  should  be 
taken  up,  the  sand  cushion  reformed,  all  sound  blocks  cleaned  and  relaid, 
being  turned  over  where  necessary,  any  broken  blocks  to  be  replaced 
by  new  whole  ones,  joints  then  to  be  grouted  with  Portland  cement  grout 
preferabl}',  if  the  original  pavement  was  so  constructed,  otherwise 
the  joints  may  be  poured  with  hot  paving  pitch.  It  should  be  noted 
that  repairs  with  fresh  cement  grout  require  to  be  protected  by  barricades 
for  a  period  of  about  a  week,  so  that  such  repairs  should  be  confined  to 
one  side  of  the  pavement  in  long  stretches,  leaving  the  other  side  available 
for  traffic;  where  the  repairs  are  limited  in  extent  and  barricades  are 
especially  undesirable,  the  patch  may  be  covered  with  2  in.  of  earth 
and  further  protected  by  planking  during  the  time  required  for  the  grout 
to  set.  Where  joints  are  poured  with  paving  pitch,  traffic  need  be  diverted 
only  during  the  time  of  actually  making  the  repair;  this  is  a  decided 
advantage. 

Rigid  Pavement  Shoulders. — Observation  demonstrates  that  horse 
traffic  on  steep  grades  leaves  the  pavement  and  seeks  the  earth  shoulder, 
so  that  so  far  as  practicable  these  shoulders  should  be  improved  by 
widening,  and  by  graveling  or  covering  with  broken  stone  to  avoid 
excessive  rutting,  also  that  on  sharp  curves  the  tendency  of  motor 
vehicles  is  to  cut  close  to  the  inner  edge,  making  it  well  for  this  reason 
to  stone  or  gravel  the  shoulders  at  these  points. 

Along  the  edges  of  the  rigid  types  of  pavement,  block  and  concrete 
especially,  traffic  usually  develops  a  deep  rut  which  if  neglected  becomes 
dangerous  to  rapidly  moving  traffic;  this  rut  should  be  kept  filled 
with  gravel  or  broken  stone.  Excess  material  when  removed  from  the 
shoulders  should  be  so  disposed  of  as  to  widen  embankments  and  flatten 
slopes. 

Snow  Removal. — On  main  roads  between  large  cities  snow  removal  in 
winter  has  become  part  of  the  regular  program.  In  many  districts 
automobile  trucking  relieves  rail  congestion  and  is  needed  even  more  in 
winter  than  in  summer.  The  Maintenance  Departments  are  in  a  posi- 
tion to  handle  this  work  with  their  organized  forces  and  equipment  which 
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are  idle  at  this  time  of  year  and  the  necessary  expense  is  certainly  worth 
while  to  make  the  main  road  passable  for  trucks  the  year  round.  The 
only  way  successfully  to  handle  snow  is  to  get  right  at  it  as  soon  as  a 
storm  starts  and  keep  working.  If  bad  drifts  are  permitted  to  form  it  is 
very  expensive  to  clear  the  road.  Snow  fences  help  to  prevent  drifting. 
In  Monroe  County  New  York  the  cost  per  mile  per  winter  to  keep  the 
main  roads  passable  for  motors  ranges  from  $50  to  $100.  The  usual 
equipment  consists  of  trucks  equipped  with  special  plows.  ^  Hand 
shoveling  is  at  times  necessary  where  bad  drifts  form.  A  permanent 
fund  of  $75  per  mile  per  year  is  proposed  with  any  unexpended  balance 
for  easy  winters  carried  over  for  use  in  exceptionally  hard  winters. 
Four  hundred  miles  are  to  be  kept  open  in  this  county  and  the  popular 
approval  of  expenditure  for  this  work  assures  a  continuation  of  this 
phase  of  highway  maintenance. 

MAINTENANCE  OF  EARTH,  SAND-CLAY,  AND  GRAVEL  ROADS 

Low  Type  Roads. — The  maintenance  of  these  roads  consists  in  keeping 
the  grass  and  weeds  cut,  the  ditches  clean,  culverts  clear,  overhanging 
trees  trimmed  and  the  surface  of  the  traveled  way  scrapped  and  dragged. 
One  shaping  with  a  blade  road  machine  in  the  spring  generally  is  all 
the  heavy  work  required  the  rest  of  the  work  being  done  with  road  drags, 
hones,  planers,  etc.,  at  frequent  intervals  during  the  balance  of  the  year. 


Fig.    164. — Earth  road  maintenance  with  road  machine  hauled  by  trucks. 


On  sand-clay  and  gravel  roads  surfacing  material  is  added  to  fill  holes 
and  ruts  or  better  the  wearing  surface. 

There  are  two  general  systems:  The  contract  system  which  lets  short 
strips  of  road  not  over  4  miles  in  length  to  farmers  along  the  road  and  the 
1  Each  should  be  able  to  care  for  10  miles  of  road  with  occasional  extra  help. 
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patrol  system  which  is  taken  care  of  by  a  steady  patrol  gang  wliich 
handles  from  10  to  20  miles.     The  contract  system  is  explained  in  the 


Fig.    IGJ.l.      -Modern  steel  drags. 


Fig.   1655. — Modern  steel  drags. 
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Fig.   166.— Road  drag. 


quotation  from  the  1917  Year  Book  of  the  American  Highway  Associa- 
tion, page  453.  The  patrol  S3^stem  is  referred  to  throughout  the  chapter 
in  various  quotations. 

29 
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Earth  Roads. — Road  machine  blade  scrappers  are  famihar  to  all 
readers.  The  road  hones,  planers,  etc.,  are  not  so  well  known  and  their 
construction  is  shown  in  Figs.  166  and  166A.  Steel  drags  can  now  be 
obtained.  Their  use  in  earth  or  gravel  road  maintenance  is  explained  in 
the  following  quotation  from  the  United  States  Forest  Road  Manual. 


'V-     K>5 

Plaolc  Drag 


Fig.  106- a 


"S;-'  r§''  Fig.  166-B 

Split  L05  or"K'mg"  Drag 


-  *  8       Shod  with  Iron 


Fig.  160-C  Fig.  166-D 

Lap  Drag  or  Smoutber 

Fig.  166.4-Z). — Road  drags  and  planers. 


EARTH  ROAD  MAINTENANCE     (U.    S.  FOREST   ROAD    MANUAL) 

Maintenance  is  the  most  important  item  of  work  to  be  considered  in  road  management. 
The  smaller  allowances  for  systematic  maintenance,  as  they  are  being  included  in  the  annual 
road  budget  alongside  the  unlimited  number  of  those  for  periodical  repairs,  tend  to  give  it  a 
place  of  least  consideration  and  again  its  consideration  and  planning  is  evaded  as  much  as 
possible  for  it  is  the  never-ending  consideration  of  continuous  annual  work  and  expense. 
It  is  always  admitted  that  the  degree  of  efficient  use  we  derive  from  anything  constructed 
for  practical  utilization,  depends  on  the  amount  of  effective  maintenance  it  receives. 
Therefore,  roads  which  are  most  widely  used  and  exposed  in  all  their  parts  to  the  worst 
of  elements  relatively  should  receive  the  highest  degree  of  such  attention,  and  moreover 
the  higher  the  type  of  construction  and  the  more  it  costs,  the  more  marked  attention  will 
it  require. 

However,  it  is  most  gratifying  to  find  that  the  old  ideas  of  taxpayer  and  user  are  rapidly 
disappearing,  making  way  for  the  installation  of  practical  system  for  the  efficient  retention 
of  the  better  roads — as  they  are  now  being  constructed.  We  are  gradually  beginning  to 
learn  that  the  stability  and  usefulness  of  a  road  is  not  forever  established,  even  when  the 
best  of  supervision  and  authorities  declare  and  approve  or  have  made  the  construction 
strictly  up  to  the  standard  and  with  ample  drainage  provided — but  that  each  mile  of  con- 
struction should  be  followed  immediately  with  a  mile  of  maintenance.  Besides  eliminating 
the  difficulties  and  discomforts  of  travel,  which  seem  only  a  benefit  to  the  traveler,  is 
in  reality  an  economical  benefit  to  everyone,  directly  or  indirectly — maintenance  will  do 
away  with  all  the  worries  to  the  management  and  effectively  prevent  so  much  of  this  mis- 
applied criticism  to  construction  features.  Finally  the  results  of  maintenance  encourage 
more  road-building,  whereas  its  lack  discourages  it. 

There  is  no  type  of  road  that  can  be  considered  permanent,  and  an  earth  road  or  one 
bedded  in  the  natural  material — which  is  wholly  as  important  as  the  higher  grade  roads,  or 
even  more  so — is  the  cheapest  to  maintain  in  its  original  condition.  The  complete  main- 
tenance of  an  earth  road  means  simply  the  retention  of  the  drainage  facilities  that  were 
provided  in  a  completed  and  properly  constructed  piece  of  road  work.     Furthermore  the 
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experience  and  the  attention  given  to  the  road  in  constant  maintenance  will  show  where 
ample  drainage  was  not  sufficiently  provided;  and  again  showing  its  importance,  constant 
maintenance  secures  this  necessary  drainage  with  the  least  costs  and  at  the  proper  time — 
before  serious  damage  is  done  and  heavy  repair  costs  result.  The  time  to  begin  the  main- 
tenance is  immediately  after  the  road  is  constructed,  and  its  degree  of  efficiency  will  depend 
on  what  in  the  way  of  money  or  assistance  is  constantly  provided  or  made  available  to  meet 
sudden  contingencies.  The  work  must  he  done  at  the  right  time  and  in  the  right  way  to 
get  the  best  results. 

Ample  drainage  begins  with  taking  the  water  off  the  road  and  continues  with  taking 
it  along  the  road  and  away  from  the  road.  Constant  maintenance  by  dragging  secures  this 
primary  step  in  the  drainage  system,  and  also  a  hard  and  smooth  surface  for  travel.  The 
dragging  preserves  the  crown,  which  is  kept  in  the  traveled  way  for  no  other  purpose  than 
to  shed  water.  It  then  follows  that  this  water  will  be  taken  away  from  the  road  through 
the  further  efforts  of  constant  maintenance  in  keeping  the  ditches  and  culverts  open. 

To  maintain  properly  and  economically  a  certain  road  or  set  or  roads  an  organization 
for  doing  the  work  should  be  affected.  On  a  country  or  mountain  road  a  patrol  consisting 
of  two  teams  and  two  men  for  one  part  and  one  team  and  one  man  for  the  other  part  of 
the  season  should  be  able  to  care  for  15  to  20  miles.  It  will  be  found  though  that  a  newly  con- 
structed road  will  require  heavier  maintenance  for  the  first  year  or  two,  thus  reducing  the 
number  of  miles  for  this  patrol.  One  or  more  such  outfits  could  be  applied  to  a  longer  road 
or  a  larger  system  and  kept  under  the  same  supervision.  These  patrols  keep  theditches  clean 
and  the  culverts  open,  haul  surfacing  materials,  i.e.,  clay  onto  sandy  portions  and  sand  or 
gravel  onto  clay,  keep  the  right-of-way  open  to  sun  and  wind;  and  are  on  hand  to  drag  the 
road  after  each  rain.  Two  teams  are  provided  only  in  cases  where  there  is  no  extra  help 
available  along  the  road  to  assist  in  the  dragging,  otherwise  one  team  would  be  sufficient. 
However,  if  the  teams  are  government-owned,  two  teams  should  be  used,  as  the  added  costs 
for  the  extra  team  are  small  and  will  in  most  cases  prove  cheaper  than  hiring.  The  two 
teams  can  be  used  on  one  dray  or  two  depending  on  the  ruling  grades  in  the  road. 

In  early  spring  when  the  winter  snows  are  going  off,  the  supervisor  and  such  extra 
assistance  as  is  necessary  should  be  made  available  eai-ly  to  see  that  the  snow  water  is  being 
cared  for — that  it  is  running  down  the  ditches  and  into  the  culverts,  and  not  down  the  wheel 
tracks  and  over  the  banks  of  the  road.  Later  he  should  have  a  small  gang  of  men  making 
the  necessary  repairs  that  might  occur  while  the  frost  is  coming  out  of  the  ground  and  from 
wash  and  water-breaks.  A  light  grader  should  be  at  hand  especially  on"  sidehill  roads  to 
clean  the  ditches  of  material  broken  off  or  rolled  down  the  banks  and  to  restore  badly 
depleted  crowns,  after  which  the  drag  can  be  used  for  the  remainder  of  the  season  to  pre- 
serve  this  perfected   condition. 

A  good  foreman  for  this  should  be  a  man  who  as  well  as  to  take  a  hand  in  the  work, 
should  be  able  to  plan  the  work  and  keep  in  touch  with  the  maintenance  needs  and  move 
his  men  economically  to  the  first  necessary  pieces  of  repairs. 

Dragging  is  the  cheapest  and  most  effective  method  of  maintaining  roads  constructed 
of  earth,  top  soil,  sand-clay  or  gravel.  The  drag  is  a  very  simple  and  inexpensive  imple- 
ment and  when  used  properly  gives  surprising  results. 

Properly  used  and  at  the  right  time  the  road  drag  performs  four  distinct  offices:  (1)  By 
moving  at  an  angle  to  the  traveled  way  it  tends  to  produce  or  preserve  a  crowned  cross- 
section;  (2)  if  used  when  the  material  of  the  surface  is  not  compact  and  hard,  it  tends  to 
reduce  ruts  and  other  irregularities  in  the  road  by  moving  material  from  points  which  are 
relatively  high  to  those  which  are  relatively  low;  (3)  when  used  after  a  rain  it  accelerates 
the  drying  out  of  the  road  by  spreading  out  puddles  of  water  and  thus  increasing  the  sur- 
faces exposed  to  evaporation;  (4)  if  the  surface  material  is  in  a  slightly  plastic  state,  dragging 
smears  over  and  partially  seals  the  so-called  pores  which  naturally  occur  in  earthy  material, 
and  thus  makes  the  road  surface  more  or  less  impervious  to  water. 

If  used  improperly  or  at  the  wrong  time,  the  drag  may  do  actual  injury  to  a  road. 
Dragging  a  very  dry  road,  for  example  serves  to  increase  the  quantity  of  dust  and  may  do 
additional  damage  by  destroying  the  seal  produced  during  previous  draggings.  If,  on  the 
other  hand,  the  road  is  very  wet  and  muddy,  the  irregularities  in  the  surface  are  likely  to  be 
increased  rather  than  diminished.  The  common  defect  in  road  dragging  is  to  regard  the 
road  drag  as  a  road-building  tool,  and  to  expect  one  or  two  trips  to  put  the  road  in  shape 
for  the  season. 
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NOTES   ON   MAINTENANCE 

1.  In  filling  bad  ruts  and  mud-holes,  it  is  best  to  use  the  same  material  that  the  road  bed 
is  composed  of,  otherwise  an  uneven  surface  will  result,  oftentimes,  of  course,  the  road  bed 
of  clay  can  be  improved  by  scattering  sand  or  gravel  over  it  more  or  less  evenly,  or  if  of 
sand  by  the  same  use  of  clay,  but  not  by  filling  the  ruts  with  these  applications.  Filling 
with  rock  will  effectively  close  a  mud-hole  but  the  next  season  will  find  two  more  mud-holes, 
one  on  either  side  of  this  hard  place  formed  by  filling  the  first. 

2.  On  sidehill  roads,  after  light  snows  have  fallen  during  the  season,  the  inside  ditches 
should  be  opened  of  the  snow  immediately  in  order  that  the  water  from  the  melting  snow 
will  run  down  the  ditches  instead  of  the  wheel  tracks.  This  is  especially  necessary  where 
steep  grades  occur  to  prevent  heavy  wash  and  loss  of  crown  in  the  traveled  way,  and 
water  breaking  over  the  outside  bank.  The  snows,  usually,  being  light,  this  can  be  done  by 
drawing  the  drag  down  the  ditch  with  a  large  skew  angle  or  better  with  a  small  ditch-cleaner, 
the  A-drag  or  go-devil. 

3.  In  a  grazing  country  very  often  it  occurs  that  salting  grounds  have  been  used  near  or 
along  the  roads.  These  should  be  removed  for  cattle  climbing  up  and  down  the  banks  and 
walking  along  the  ditches  can  cause  considerable  unnecessary  damage  to  the  road.  During 
the  season  of  cattle  or  sheep  drives  the  men  on  maintenance  should  see  to  it  that  the  herds 
or  bands,  if  they  have  to  use  the  road,  use  the  traveled  way  and  not  the  banks  and  do  as 
little  damage  as  pos.sible.  If  serious  damage  is  done  they  can  make  immediate  reports,  if 
owners  are  obligated  to  repair  such  damages  on  public  roads. 

4.  Outer  bank  slopes  of  earth  that  are  continually  eroding,  should  be  protected  by  sow- 
ing to  grass,  or  any  other  plant  that  will  mat  and  not  be  objectionable  to  occupants  of  lands 
along  the  road. 

5.  Keep  the  ends  of  the  culverts  free  from  drifting  weeds  and  debris  and  clean  the  catch- 
ba.sins  of  silt  and  other  deposits. 

6.  Remember  that  the  chief  repairs  should  be  looked  after  in  the  spring  when  the  soil, 
being  moist  and  easily  worked,  will  compact  readily  under  the  drag  and  traffic.  There  is 
little  use  in  attempting  to  do  much  in  July  and  August  to  the  road  bed  proper,  for  the  soil 
is  so  dry  that  it  is  difficult  to  shape  properly  and  most  of  that  moved  will  blow  away  in  the 
first  wind. 

NOTES  ON  DRAGGING 

1.  Use  the  drag  often  and  if  the  very  best  results  do  not  come  at  first  trial,  do  not  quit. 
First-class  results  can  be  attained. 

2.  Dragging  is  always  done  after  rains,  melting  snows,  or  thaws,  just  after  the  ground 
has  lost  its  stickiness,  when  the  material  will  slide  easily  along  the  face  of  the  drag  and  pack 
well;  but  not  when  it  becomes  dry  in  any  one  place.  Different  road  surfaces  and  varying 
conditions  will  demand  different  times  of  application,  the  knowledge  of  which  will  come 
through  faithful  and  persistent  use  and  observation. 

3.  It  requires  a  careful  and  skilful  operator  to  get  good  and  quick  results,  one  who  knows 
or  can  learn  how  to  hitch  to  it,  and  where  and  how  to  ride  it.  Hitch  so  that  the  drag  will 
travel  at  an  angle  of  45°  with  the  center  line  of  the  road,  and  do  not  try  to  cut  too  much 
material  at  one  operation.  The  amount  moved  depends  wholly  upon  the  length  of  hitch 
and  position  of  driver.  A  long  hitch  will  move  more  earth  than  a  short  one.  When  a 
hard  spot  must  be  cut,  the  driver  throws  all  his  weight  on  the  front  blade;  when  a  low  place 
must  be  filled  he  moves  back.  These  operations  on  patented  steel  drag3  are  facilitated  by 
changing  the  angle  of  the  blades  from  a  vertical.  Step  quickly  to  the  opposite  end  of  the 
drag  from  which  you  wish  to  deposit  material  into  low  spots. 

4.  Drive  the  team  at  a  walk  and  ride  the  entire  distance.  The  drag  should  begin  at  the 
ditch  line  and  proceed  toward  the  center  or  crown.  If  the  crown  becomes  too  great,  reverse 
the  skew  angle  of  the  drag.     Do  not  try  to  drag  too  wide  a  section  at  one  operation. 

5.  Do  not  try  to  drag  too  long  a  section.  So  much  depends  on  the  time  the  drag  is  used, 
that  there  is  danger  of  dragging  the  road  too  wet  at  one  end  and  too  dry  at  the  other.  Learn 
to  select  those  sections  which  dry  before  others  and  drag  them  first. 

6.  Drag  the  road  during  or  directly  after  one  of  the  light  snow  falls  just  before  it  freezes 
up  for  the  first  time,  as  it  will  be  in  better  condition  to  go  through  the  winter  and  better  able 
to  shed  water  during  the  spring  thaw. 
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7.  Very  little  improvement  will  be  noticed  after  the  first  trial,  and  many  trips  will  have 
to  be  made  the  first  year  after  construction.  The  second  year,  less  dragging  will  be  required 
and  the  road  ought  to  improve  continually. 

The  following  quotation  from  the  1917  Good  Roads  Year  Book  shows 
the  Kentucky  methods  and  approximate  cost  of  maintenance. 

Maintenance  by  dragging  is  most  successful  when  well  organized.  The  results  obtained 
by  good  management  in  Hopkins  County,  Kentucky,  are  frequently  cited  as  indications  of 
this,  and  for  this  reason  the  following  account  of  the  work  there  is  quoted  from  a  report  by 
the  Kentucky  department  of  highways. 

In  1912  a  county  engineer  was  appointed.  The  county  roads  were  measured  under  his 
supervision  and  2-mile  sections  designated,  and  in  January,  1913,  drags  were  started  on 
about  100  miles  of  the  county  roads.  This  original  contract  was  only  for  dragging  the 
roads,  which  work  was  to  be  done  4  times  between  January  1  and  April  1,  at  a  cost  of 
$10  to  $12  per  mile.  As  the  sections  dragged  were  not  continuous,  the  citizens  at  once 
appreciated  the  difference  between  the  maintained  road  and  that  which  was  not  main- 
tained. Consequently  the  next  contract,  which  called  for  dragging  and  also  for  cleaning 
the  ditches  for  6  months,  until  November,  1913,  resulted  in  contracts  for  150  miles  of  road 
and  at  a  reduced  cost.  In  November,  1913,  a  contract  substantially  like  that  now  in  use 
was  adopted  and  the  time  of  the  contract  was  for  1  year,  or  until  November,  1914.  Over 
200  miles  were  maintained  this  year  at  an  average  cost  of  $28  per  year  per  mile.  For  the 
year  from  November,  1914,  to  November,  1915,  the  benefit  of  the  maintained  roads  was  so 
well  understood  by  the  citizens  than  560  miles  were  under  contract  at  an  average  cost  of 
$24.35  per  mile  per  year. 

In  November,  1915,  a  2-year  contract  was  entered  into,  which  the  county  may  revoke 
for  non-performance  of  the  obligation  at  the  end  of  the  first  year.  About  520  miles  are  now 
under  contract,  at  prices  ranging  from  $12  to  $40  per  mile  per  year,  the  average  being  $22.10. 
It  is  expected  this  mileage  will  soon  be  increased.  Originally  a  contractor  was  allowed  to 
have  charge  of  8  miles,  but  now  he  is  not  allowed  to  contract  for  more  than  4  miles  of  road. 
Under  the  1915  contracts  the  contractor  must  trim  the  branches  which  overhang  and  inter- 
fere with  travel  on  the  roadway;  keep  the  ditches  clean,  free  from  obstructions,  and  at  all 
times  capable  of  carrying  the  water.  He  shall  by  June  1  each  year  grade  the  roads  with 
dump  scraper,  grader,  drag  and  ditcher,  or  in  any  way  he  may  see  fit,  so  that  the  center 
of  the  roadway  shall  be  crowned  so  that  the  water  will  flow  from  the  center  of  the  road  to 
the  side  ditches,  and  at  no  place  will  the  water  stand  on  the  road  or  run  down  the  road.  The 
road  shall  be  dragged  from  ditch  to  ditch  at  each  dragging,  when  the  road  is  wet,  but  not 
sticky. 

A  record  of  the  number  of  draggings  is  kept  by  the  county  engineer  on  cards  which, 
before  mailing  by  the  contractor,  are  countersigned  by  the  rural  route  carrier  or  a  reliable 
citizen.  The  contractor  also  hauls  material  and  constructs  all  culverts  and  bridges  of 
10-ft.  span  or  under,  and  keeps  the  approaches  to  and  the  floors  and  abutments  of  all 
bridges  and  culverts  on  his  road  in  good  traveling  condition.  An  analysis  of  these  con- 
tracts shows  that  where  the  contract  has  been  faithfully  executed  there  is  a  decrease  each 
year  in  the  cost  per  mile,  mainly  because  the  farmer  contractor  has  learned  from  experience 
that  continuous  maintenance  makes  a  lower  cost  of  time  and  labor  each  succeeding  year. 

Cost. — The  cost  of  earth  road  maintenance  ranges  from  $20  to  $200 
per  mile  per  year.  A  fair  average  is  approximately  $50  to  $100  under 
light  volume  of  traffic  per  mile  per  j^ear  for  ordinary  farming  county  and 
$100  to  $200  per  mile  per  year  for  mountain  roads. 

Sand-clay  Roads. — The  methods  and  character  of  work  are  the  same 
for  the  sand-clay  maintenance  as  for  ordinary  earth  roads.  The  cost  is 
generally  less.  The  following  quotation  from  the  Alabama  State  High- 
way Report  indicates  the  usual  procedure. 
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SAND-CLAY  ROADS 

No  cheap  road  can  be  maintained  as  easily  and  at  as  small  an  annual  cost  as  a  well- 
constructed  sand-clay  road.  It  responds  readily  to  a  road  machine  and  the  surfacing 
material  is  usually  very  convenient.  Like  all  others  though  it  is  neglected  until  extensive 
and  expensive  repairs  become  necessary.  If  a  sand-clay  road  which  has  been  intelli- 
gently constructed  is  kept  dragged  at  reasonably  frequent  intervals,  say  three  times  a  month 
during  December,  January,  February,  March  and  April,  and  during  rainy  periods  in  the 
other  months,  it  will  give  excellent  service  and  serve  all  practical  purposes.  If  too  much 
sand  is  in  the  surfacing  material  the  road  will  tend  to  ravel  or  disintegrate  and  it  becomes 
necessary  to  add  a  small  amount  of  clay  to  the  sandy  section.  A  thorough  harrowing  should 
then  be  given  the  surface,  after  which  the  road  should  be  thoroughly  machined  or  dragged 
until  the  proper  cross-section  is  obtained.  Likewise,  too  much  clay  may  develop  in  wet 
weather  and  the  addition  of  sand  becomes  necesssary.  Sand  can  be  incorporated  in  like 
manner  as  the  clay.  In  very  wet  weather,  traffic  will  incorporate  the  sand  fairly  well  and  it 
frequently  becomes  necessary  to  add  sand  to  prevent  slipping,  when  artificial  mixing  would 
be  difficult. 

Gravel  Roads. — Gravel  roads  require  patrol  maintenance  for  good 
results.  The  road  should  be  shaped  with  a  road  machine  blade  grader 
in  the  spring  while  soft  and  plastic  and  kept  in  shape  by  dragging. 
Gravel  must  be  added  continuously  to  fill  holes  and  ruts.  Shoulder, 
ditch  and  culvert  routine  cleaning  is  the  same  as  for  any  maintenance. 

The  following  quotation  is  from  Instructions  to  Patrolmen  in  New 
Hampshire  which  is  famous  for  its  gravel  roads. 

Each  patrolman  must  supply  a  horse  and  dump  cart,  shovel,  pick,  hoe,  rake,  stone- 
hook,  axe,  iron  bar,  iron  chain  and  tamp.  Special  tools  are  furnished  by  the  State  Highway 
Department. 

One  dragging  in  the  spring  is  worth  two  in  the  summer.  It  is  better  to  drag  a  mile  of 
road  several  times  and  get  it  in  good  condition,  than  to  drag  2  or  3  miles  and  not  finish  any 
part  of  it.  Don't  drag  a  soft  section  when  it  is  so  wet  that  the  first  vehicle  to  pass  will  rut 
it  all  up.  First  fill  the  holes  and  ruts  with  new  material  and  then  drag  as  the  surface  dries 
out.  Every  patrolman  should  have  material  dumped  in  small  piles  along  the  side  of  his 
section  so  that  on  a  rainy  day  he  can  at  once  fill  all  holes  and  ruts  in  which  the  water  is 
collecting. 

When  the  weather  is  unsuitable  for  dragging,  as  during  a  dry  spell,  all  patrolmen  should 
cart  on  all  the  new  material  possible  in  order  to  fill  all  ruts  and  holes  and  resurface  worn 
sections.  Carting  is  very  essential  during  dry  periods  and  should  never  be  neglected. 
Whenever  a  patrolman  is  in  doubt  as  to  what  to  do  next  the  general  rule  is  to  cart  new 
material,  for  all  roads  are  wearing  out  under  travel  and  it  is  necessary  that  the  surface 
be  continually  renewed  to  take  the  place  of  the  old  material  that  is  thrown  out  as  mud  or 
blown  away  as  dust. 

Save  all  the  sods,  leaves,  rubbish,  stones  and  refuse  that  you  clean  off  your  road  and 
dump  this  waste  material  in  places  where  the  bank  is  steep  so  that  by  flattening  the  side 
slope  there  will  be  no  need  of  a  guard-rail,  or  dump  the  material  back  of  a  present  guard- 
rail so  that  later  this  guard-rail  can  be  removed. 

The  necessity  for  patrol  maintenance  is  shown  by  the  following  extract 
from  the  Iowa  Specifications. 

MAINTENANCE  OF  GRAVEL  ROADS 

County  engineers'  and  supervisors'  attention  is  called  to  the  fact  that  both  Class  A 
and  Class  B  gravel  roads  require  constant  and  systematic  maintenance  at  all  times.  Special 
attention  should  be  given  such  roads  for  the  first  year  following  their  construction.  During 
this  period  the  gravel  is  sure  to  become  rutted,  wavy,  and  scattered  if  it  is  not  maintained  in 
the  most  careful  manner. 
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Hauling  gravel  and  dumping  it  on  the  road  does  not  produce  a  gravel  road.  The  most 
important  part  of  the  construction  work  lies  in  the  attention  which  the  road  receives  while 
the  gravel  is  being  compacted.  A  road  newly  surfaced  with  gravel  is  nothing  but  a  possi- 
bility. The  success  or  failure  of  such  a  possibility  depends  very  largely  on  the  attention 
which  it  receives  during  its  first  year.  The  frequent  use  of  a  planer  or  blade  grader  will 
prevent  the  formation  of  ruts  and  waves.  This  work  should  be  done  while  the  gravel  is 
wet,  as  better  results  will  be  secured. 

The  scattered  gravel  should  be  brought  back  on  the  surfacing  and  the  earth  shoulders 
built  up  to  hold  this  material  in  place.  Additional  gravel  should  be  added  to  replace  that 
worn  away  and  to  fill  any  depressions  due  to  settlement. 

The  Commission  strongly  urges  that  the  patrol  system  of  maintenance  be  adopted  for 
all  gravel  roads.  The  patrolman  should  spend  all  his  time  on  the  road.  It  is  only  by  such 
a  system  that  definite  responsibility  can  be  fixed.  Patrol  maintenance  should  extend  not 
only  over  the  first  year  after  the  gravel  surface  is  placed,  but  also  throughout  the  succeeding 
years.  It  should  extend  to  the  side  ditches,  earth  shoulders,  culverts,  and  all  other  parts 
of  the  road  as  well  as  to  the  gravel  surfacing. 

While  the  patrol  system  of  maintenance  is  urged  for  all  gravel  roads,  it  is  absolutely 
necessary  for  Class  B  gravel  roads.  These  specifications  have  been  prepared  with  that  idea 
in  mind. 

The  Commission  will  approve  the  construction  of  Class  B  gravel  roads  on  the  county 
system  only  on  condition  that  an  adequate  patrol  maintenance  will  be  established  promptly 
after  such  road  is  placed  in  service."  Iowa  Highway  Commission. 

The  following  quotation  from  a  paper  by  Otto  S.  Hess  published 
in  Engineering  Contracting  gives  an  excellent  description  of  up-to-date 
methods  of  gravel  road  maintenance  under  heavy  traffic. 

GRAVEL  ROAD   MAINTENANCE  WITH  "SPRING  SCRAPERS" 

Method  Employed  in  Kent  County,  Michigan,  Described  in  Paper  Presented  Feb.  14,  1923, 
at  9th  Annual  Michigan  Conference  on  Highway  Engineering 

By  Otto  S.  Hess, 
Road  Engineer,  Kent  County 

The  system  of  maintenance  which  will  be  outlined  in  this  paper  has  been  developed  in 
Kent  county  during  the  past  two  years,  and  the  ensuing  remarks  will  apply  more  par- 
ticularly to  Kent  county  rather  than  to  the  State  as  a  whole. 

While  this  system  would  undoubtedly  operate  to  good  advantage  in  a  great  many 
counties,  it  is  not  advocated  by  the  writer  as  a  cure-all  for  the  many  difficulties  which  are 
encountered  in  the  maintenance  of  gravel  roads. 

Highways  of  Kent  County. — At  the  present  time,  Kent  county  has  252  miles  of  improved 
gravel  roads  on  the  county  road  system.  Of  this  mileage,  90  miles  lie  on  the  state  trunk 
lines,  and  the  remaining  162  miles  are  county  roads.  In  the  early  maintenance  season  of 
1920,  all  of  this  mileage  was  taken  care  of  by  teams  hauling  light  graders  or  floats.  About 
this  time,  the  county  tried  out  a  maintenance  machine  which  was  new  at  that  time  but 
quite  well  known  throughout  the  state  and  even  outside  the  state  at  the  present  time. 
This  machine  is  the  spring  scraper  which  is  used  as  a  truck  attachment  and  operates  as  a 
blade  scraper  underneath  the  middle  of  any  truck. 

The  first  "spring  scraper"  was  so  successful  that  the  team  patrols  were  gradually 
replaced  by  the  so-called  truck  patrols,  until  at  the  beginning  of  the  maintenance  season 
of  1922,  all  of  the  teams  had  been  replaced  and  the  entire  mileage  of  2.52  miles  of  gravel 
roads  was  being  kept  smooth  by  nine  trucks  with  scraper  attachments,  making  an  average 
of  28  miles  per  truck. 

Work  of  Truck  Patrols. — Under  the  present  system,  Kent  county  is  divided  into  four 
maintenance  districts.  The  trucks  are  operated  from  a  central  point  in  each  of  these 
districts.  A  very  thin  layer  of  finely  screened  gravel  is  kept  on  the  surface  of  the  road  at 
all  times.  By  scraping  this  surface  often  enough  it  has  been  found  possible  to  maintain 
a  surface  which  is  smoother  to  ride  on  than  most  pavements.  The  number  of  times  per 
week  or  per  day  which  is  necessary  to  scrape  the  surface  in  order  to  keep  it  in  this  con- 
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dition  is  dependent  on  the  weather  and  the  v.olume  of  traffic,  but  more  particularly  on  the 
volume  of  traffic.  The  amount  of  scraping,  and,  consequently,  the  cost  of  maintenance 
has  been  found  to  be  very  nearly  in  direct  proportion  to  the  volume  of  traffic  using  the  road. 

The  type  of  trucks  which  has  been  found  to  be  most  economical  in  Kent  county  are 
those  in  the  2-  to  3-ton  class.  These  trucks  carry  a  10-f  t.  blade,  which  is  placed  under  the 
truck  in  a  diagonal  po.sition,  and  travel  at  a  speed  of  8  to  12  miles  per  hour.  The  blades 
are  10  in.  wide  to  start  with,  but  are  worn  down  with  about  two  weeks  steady  use  to  a 
width  of  3  or  4  in. 

Each  truck  on  scraping  work  is  able  to  travel  from  60  to  90  miles  per  day.  Each  truck 
scrapes  a  path  approximately  9  ft.  wide.  With  reference  to  the  quality  of  work  done,  it 
can  truthfully  be  said  that  the  old  team  patrol  system  was  never  able  to  keep  the  roads 
as  smooth  as  they  have  been  maintained  by  trucks.  In  fact,  the  gravel  roads  of  Kent 
county  have  never  been  in  as  good  condition  as  they  were  in  1922.  when  they  were  main- 
tained entirelj  by  trucks. 

Saving  Effected  by  Substituting  Trucks  for  Teams. — Some  idea  of  the  saving  which 
can  be  effected  by  substituting  trucks  for  teams  can  be  obtained  by  comparing  the  daily 
costs  of  each.  In  actual  practice  it  was  found  that  one  truck  would,  on  the  average, 
replace  six  team  patrols.  In  1922,  teams  with  drivers  cost  $6  per  day,  making  $36  per 
day  for  six  team  patrols.  One  truck  could  be  hired,  with  driver,  at  $20  per  day.  This 
shows  a  direct  daily  saving  on  the  pay  roll  of  $16  per  day  per  truck.  Assume  that  the 
number  of  days  worked  during  the  season  was  200  and  we  have:  200  days  X  $16  X  9 
trucks  =  $28,000  which  is  the  direct  pay  roll  saving  during  1922.  As  a  matter  of  fact  and 
record,  the  actual  saving  was  about  $30,000  for  the  reason  that  Kent  county  operated  its 
own  trucks  at  about  $15  per  day  instead  of  hiring  them  at  $20.  As  a  further  saving  which 
is  effected  by  the  scrapers,  it  should  be  remembered  that  it  is  necessary  to  buy  and  main- 
tain only  one  scraper  as  compared  with  six  outfits  of  teams.  Another  advantage,  which 
is  by  no  means  unimportant,  is  the  fact  that  the  trucks  can  haul  gravel  or  other  materials 
and  scrape  the  roads  at  the  same  time.  This  is  a  feature  which  saves  many  thousands  of 
dollars  in  a  year's  time,  and  is  not  obtained  by  any  other  type  of  road  maintenance  equip- 
ment in  use  today. 

Cost  of  Maintenance. — In  order  that  one  may  obtain  some  idea  of  what  this  main- 
tenance work  costs.  Table  I  has  been  prepared,  showing  the  cost  per  mile,  volume  of 
traffic,  and  cost  per  vehicle  mile  for  all  of  the  gravel  roads  on  the  state  trunk  line  system 
in  Kent  county: 


Maintenance  Cost  of  Gravel  Roads  on  State  Trunk  Line  System  in  Kent  County 


Cost  per 
mile 

Average 

Number 

Cost  per 

Sec. 

No. 

Mileage 

Total  cost 

daily 

vehicle 

vehicle 

traffic 

miles 

mile 

13 

1 

7.50 

$  9,139.50 

$1,218.60 

1,791 

2,686,500 

$0,00340 

13 

3 

7.00 

10,634.76 

1,519.25 

1,810 

2,534,000 

0.00419 

13 

4 

6.00 

8,235.54 

1,647.11 

2,025 

2,025,000 

0 . 00460 

13 

5 

14.50 

12,077.29 

832.11 

838 

2,430,200 

0.00496 

37 

8 

2.00 

1,414.41 

707.20 

594 

237,600 

0 . 00595 

37 

10 

5,50 

3,819.89 

694 . 53 

594 

653,400 

0 . 00584 

16 

14 

14.00 

17,358.33 

1,239.88 

1,305 

3,654,000 

0.00475 

39 

16 

11.50 

5,836.71 

507 . 54 

594 

1,366,200 

0.00427 

39 

18 

1.50 

446.22 

397.48 

680 

204,000 

0.00218 

44 

20 

13.50 

12,380.47 

910.77 

1,079 

2,913,300 

0.00415 

66 

15 

2.50 

958.55 

383.42 

No  traffic  count 

54 

23 

,  aver- 

14.50 

9,610.89 

662 . 82 

No  traffic  count 

Totals 

ages 

99.00 

$91,912.64 

$    928.31 

18,704,200 

$0.00435 
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In  explanation  of  the  table,  the  writer  would  advise  that  the  total  number  of  vehicle 
miles  for  any  section  was  obtained  by  multiplying  the  average  daily  traffic  (as  determined 
by  a  traffic  census  taken  in  July  and  August)  by  200,  and  then  by  the  number  of  miles  in 
the  section,  assuming  that  200  times  the  average  daily  traffic  in  the  summer  would  repre- 
sent the  total  traffic  for  the  year.  This  shows  that  the  average  cost  per  vehicle  mile  on 
the  state  trunk  line  gravel  roads  was  a  little  less  than  a  half  cent. 

Cost. — We  are  indebted  to  F.  R.  White,  Road  Engineer  of  the  Iowa 
Highway  Commission  for  the  following  information  in  regard  to  the 
construction  and  maintenance  cost  of  about  400  miles  of  Class  B  gravel 
roads  (see  Plate  61,  page  181).  These  roads  are  constructed  at  a  cost 
slightly  above  $1,000  per  mile  (1913).  The  cost  of  maintenance  depends 
very  largely  on  the  volume  of  traffic  and  the  location  of  gravel.  However, 
where  there  is  an  average  of  200  to  300  vehicles  per  day  and  the  gravel 
can  be  obtained  within  3  miles  of  the  road  the  yearly  cost  of  maintenance 
is  about  $150  per  mile. 

In  New  York  State  where  the  roads  are  oiled  to  care  for  a  somewhat 
larger  volume  of  traffic  200  miles  of  high-class  gravel  roads  cost  approxi- 
mately $700  per  mile  per  j^ear  to  maintain. 

A  fair  average  maintenance  cost  per  mile  per  year  for  double  track 
gravel  roads  is  probably  from  $200  to  $300  under  fairly  heavy  traffic  (300 
to  400  vehicles  daily). 

RECONSTRUCTION 

Resurfacing  or  reconstruction  is  resorted  to  when  normal  main- 
tenance methods  with  reasonable  yearly  expenditures  fail  to  keep  the 
highway  in  proper  condition  for  traffic.  Economic  limits  of  yearly 
maintenance  costs  and  maximum  permissible  degrees  of  roughness  were 
discussed  in  Chap.  II,  pages  150  to  151. 

Reconstruction  includes  the  restoration  or  improvement  of  pavement 
conditions  in  regard  to  strength,  width,  and  perfection  of  surfaces;  the 
retention  of  a  safe  and  convenient  grading  section,  ditch  to  ditch,  and 
sometimes  considers  alignment  changes  to  increase  safety  and  reduce 
objectionable  grades.  Relocations  in  the  matter  of  alignment  and  grade 
were  discussed  in  the  first  book  of  this  series.  Existing  practice  in  pave- 
ment reconstruction  generally  fulfils  the  principles  of  improvement  of 
surface  and  pavement  width  but  often  neglects  the  item  of  the  retention 
of  a  safe  grading  cross-section  ditch  to  ditch.  That  is,  proper  shoulder 
and  ditch  work  is  often  slighted  which  results  in  added  danger  from  narrow 
soft  shoulders  and  deeper  ditches.  Existing  ditches  are  often  deepened 
to  get  shoulder  material  instead  of  providing  an  item  of  borrow  excavation 
for  suitable  gravelly  soil  for  the  necessary  shoulder  fills. 

The  cost  of  reconstruction  programs  is  affected  by  type  selection  and 
by  the  promptness  with  which  roads  are  treated  when  they  show  the 
preliminary  evidence   of   some   weakness.     Delay,    due  to  shortage  of 
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funds,  is  probably  the  most  active  cause  in  raising  reconstruction  costs 
(see  page  461). 

Economic  Type  Selection. — Reconstruction  programs  are  overshadow- 
ing original  construction  in  many  of  the  states  having  state  aid  programs 
over  15  years  of  age.  The  economic  selection  of  pavement  type  for 
reconstruction  is  an  entirely  different  proposition  than  for  original  con- 
struction. Economic  reconstruction  must  utilize  to  best  advantage  the 
existing  pavement.  To  do  this,  it  is  generally  undesirable  to  change  the 
type  of  foundation  although  it  is  often  desirable  to  strengthen  the  founda- 
tion and  better  the  surfacing  particularly  to  get  rid  of  oiling  maintenance 
on  main  roads.  That  is,  if  the  existing  road  is  of  the  macadam  type 
serving  Class  IL4,  II  or  III  traffic,  it  is  rarely  desirable  to  change  to  the 
rigid  type  of  pavement  although  it  may  be  desirable  to  strengthen  the 
existing  macadam  and  surface  with  an  asphaltic  concrete  or  block  pave- 
ment in  order  to  eliminate  the  oiling  nuisance.  If  an  old  macadam 
practically  shot  to  pieces  serves  Class  I  traffic,  it  is  evidently  desirable  to 
change  type. 

All  of  our  original  roads  become  in  time  merely  foundations  for  easily 
repaired  renewable  surface  courses  which  meet  the  demands  of  traffic. 
Adequate  foundation  strength  can  be  achieved  by  either  sufficient  depth 
of  macadam  or  sufficient  depth  and  strength  of  cement  concrete.  After 
adequate  foundation  strength  is  attained  by  either  method,  satisfactory 
surfaces  can  be  maintained  at  about  the  same  cost  per  year.  As  discussed 
in  Chap.  II  (Design),  the  thickness  of  cement  concrete  foundations  is 
about  the  same  whether  laid  on  old  macadam  or  new  grading;  where  an 
old  macadam  pavement  exists  and  the  reconstruction  tj^pe  is  changed 
from  a  flexible  foundation  to  cement  concrete,  we  have  to  throw  away  most 
of  the  value  of  previous  pavement  work  which  usually  raises  the  cost 
of  such  work  way  beyond  the  method  of  retention  of  foundation  type  with 
necessary  additional  strengthening  and  improvement  of  surface.^  To 
illustrate  briefly  from  Division  7  New  York  State,  1922  cost  conditions. 
Old  firm  waterbound  roads  serving  Class  III  traffic  can  be  resurfaced 
with  waterbound  macadam  for  about  $0.80  per  square  yard  or  with  pene- 
tration bituminous  macadam  for  about  $1.00  per  square  yard.  If  we 
change  type  and  use  the  thinnest  cheapest  rigid  pavement  we  dare  use  6- 
in.  reinforced  cement  concrete,  it  costs  about  $2.70  per  square  yard.  A 
good  many  of  our  old  waterbound  roads  are  too  weak  for  modern  traffic 
and  require  additional  strengthening  over  and  above  a  new  3-in.  top. 
This  additional  depth  rarely  requires  more  than  a  3-  to  5-in.  middle  rein- 

1  The  depth  of  concrete  bases  or  pavement  laid  on  top  of  an  existing  old  macadam 
road  is  about  1  in.  less  than  where  laid  on  ordinary  earth  subgrade  (see  Chap.  II). 
This  reduces  the  cost  of  the  concrete  pavement  about  $0.50  per  square  yard  whereas 
the  old  macadam  if  utilized  to  full  advantage  as  part  of  a  flexible  type  pavement  is 
worth  about  $1.50  per  square  yard. 


MAINTENANCE  AND  RECONSTRUCTION 


459 


forcing  course  costing  from  $0.40  to  $0.70  per  square  yard.  For  such 
roads,  retention  of  waterbound  type  with  adequate  strength  costs  about 
$1.20  to  $1.50  per  square  yard  and  adequate  strength  with  improved 
penetration  bituminous  macadam  top  costs  from  $1.40  to  $1.70  per  square 
yard  while  change  of  type  costs  at  least  $2.50  to  $2.70  per  square  yard. 
Under  this  class  of  traffic,  the  difference  in  first  cost  far  outweighs  the 
minor  difference  in  yearl}^  surface  maintenance  of  the  two  types  (see 
Maintenance  Costs,  page  392). 

Under  Class  II  and  IIA  traffic,  firm  macadams  can  be  resurfaced  with 
penetration  macadam  for  about  $1.20  per  square  yard  and  with  asphaltic 
concrete  or  small  cubes  for  from  $1.50  to  $1.80  per  square  yard.  Change 
of  foundation  type  costs  about  $2.70  to  $3.40  per  square  yard.  For  the 
weaker  macadams,  the  cost  of  proper  reconstruction,  using  necessary 
additional  reinforcing  middle  course,  probably  averages  about  $1.90  per 
square  yard  for  penetration  macadam  and  about  $2.20  to  $3.00  for  low 
maintenance  cost  surfaces  such  as  asphaltic  concretes  and  stone  or  brick 
cubes.  The  advantage  still  lies  with  retention  of  foundation  type  con- 
sidering the  sum  of  reconstruction  costs  and  yearly  maintenance. 

Under  Class  I  traffic,  the  advantage  falls  on  the  side  of  change  of  type 
and  for  these  roads,  we  have  no  hesitation  in  adopting  the  policy  of  rigid 
foundation  tj^pe.  In  this  territory,  however,  we  have  at  present  860 
miles  of  improved  roads  of  all  types  serving  all  classes  of  traffic.  The 
table  below  indicates  the  relatively  small  mileage  on  which  it  is  desirable 
to  change  foundation  type  namely  about  5  to  15  per  cent  of  total  mileage 
at  present  constructed  (see  Frontispiece  classification  map)  hut  this 
percentage  may  be  radically  changed  by  delay  in  necessary  reconstruction 
(see  page  461). 


Class  of  traffic 

Flexible  type  of 
foundation,  miles 

Rigid  type  of 
foundation,  miles 

Class  I 

42' 
1062 
280 
220 

648 

34 

Class  IIA 

72 

Class  II 

58' 

Class  III  and  IV 

Totals  each  type 

Grand  total  860  miles. 

483 
212 

'  Mileage  on  which  it  is  desirable  to  change  foundation  type  5  per  cent  of  total. 
-  Mileage  in  the  doubtful  class  12  per  cent  of  total. 
Total  mileage  on  which  there  is  some  justificaion  for  changing  type  17  per  cent 
of  total  constr  ucted. 

3  Suitability  of  original  design  doubtful. 
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ANALYSIS  OF  DIVISION  7   (TYPE  SELECTION  POLICY) 

To  illustrate  definitely  the  importance  of  general  policy  in  reconstruc- 
tion, we  will  analyze  Division  7,  N.  Y.  State  Highway  Department. 
There  is  considerable  unthinking  popular  demand  and  some  tendency  on 
the  part  of  the  Highway  Department  to  favor  change  of  type  from  the 
existing  flexible  form  to  rigid  pavements  even  on  fairly  light  traffic  roads. 
The  problem  for  this  division  can  be  stated  as  follows.  We  have  at 
present  approximately  7,700,000  sq.  yd.  of  pavement  which  will 
have  to  be  either  resurfaced  or  reconstructed  within  the  next  10  to 
15  years.  Of  this  amount,  5,800,000  sq.  yd.  are  flexible  base  pave- 
ments. These  pavements  can  be  made  adequately  strong  either  by 
resurfacing,  adding  additional  macadam  depth,  or  by  reconstruction  to  a 
rigid  type  of  foundation.  After  adequate  strength  is  attained  by  either 
method,  the  future  surface  maintenance  cost  for  any  specified  surface  is 
about  the  same.  Approximately  30  per  cent  of  flexible  base  pavements 
can  be  made  adequate  in  strength  with  a  resurfacing  depth  of  2  to  3  in. 
Approximately  70  per  cent  will  require  a  reinforcing  middle  course  in 
addition  to  a  new  surface  course.  The  average  difference  in  construction 
cost  between  retention  of  foundation  type  with  necessary  reinforcing  and 
surface  improvement  as  compared  with  change  of  type  lies  between 
$1.00  to  $1.20  per  square  yard.  If  we  adopt  the  policy  of  change  of 
foundation  type,  the  necessary  reconstruction  will  cost  approximately 
$6,000,000  more  than  the  policy  of  retention  and  strengthening  existing 
foundations  with  surface  improvement.  For  the  first  10  years,  the 
maintenance  charge  will  be  less  for  the  change  of  foundation  type 
policy  and  might  amount  to  an  extreme  maximum  difference  of  $0.03 
per  square  yard  per  year  although  $0.02  is  probably  nearer  right.  After 
the  10-year  period,  the  future  surface  maintenance  and  renewal  charge 
will  be  about  the  same  for  both  policies.  The  difference  in  maintenance 
for  the  first  10  years  will  not  exceed  $0.03  X  5,800,000  X  10  or  $1,800,- 
000  which  means  a  net  saving  for  the  retention  of  type  policy  of  $4,000,000 
in  this  district  alone.  Any  final  rational  solution  will,  of  course,  be  a 
combination  of  the  two  policies.  Policy  in  regard  to  taxation  for  mainte- 
nance and  renewal  is  crystallizing  along  the  lines  that  traffic  must  pay 
for  the  upkeep  and  renewal  of  the  state  system  roads.  It  makes  no 
difference  whether  this  is  done  by  a  gasoline  tax  or  a  vehicle  license  tax, 
the  fact  remains  that  the  motorists  are  going  to  foot  the  bills  and  it  is 
about  time  that  the  organized  automobile  interests  took  an  active  intelli- 
gent interest  in  reconstruction  policy  and  efficient  maintenance.  At  the 
present  time,  many  auto  club  officials  advocate  the  change  of  type 
policy  because  they  dislike  surface  oiling  maintenance  and  do  not  realize 
that  foundation  type  has  nothing  to  do  with  this  trouble  and  also  because 
they  have  been  led  to  l)elieve  ])y  non-technical  propoganda  that  the 
difference  in  maintenance  costs  of  the  two  methods  is  greater  than  is 
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actually  the  case.  They  do  not  realize  that  in  adopting  this  attitude, 
they  are  merel}^  sandbagging  their  own  interests.  Up  to  date,  they  have 
spent  most  of  their  energy  combatting  reasonable  traffic  regulation  and 
direct  vehicle  taxation  which  has  been  the  main  cause  of  the  shortage  in 
necessary  funds  which  has  put  our  system  in  bad  shape.  Motorists 
naturally  object  to  the  surface  oiling  nuisance  of  macadam  surfaces  on 
main  roads  but  after  a  macadam  base  is  resurfaced  with  either  asphaltic 
concrete  or  a  block  surface,  this  annoying  feature  is  eliminated  at  a 
much  lower  cost  than  by  complete  change  of  foundation  tj'pe. 

The  application  of  the  general  policy  of  utilization  of  base  is  illustrated 
b}^  an  official  report  on  page  479. 

Effect  of  Delay  in  Reconstruction  on  Final  Cost. — The  costly  result  of 
delay  in  resurfacing  at  the  proper  time  is  shown  by  the  following  official 
report. 

Apr.  9,  1923 

Mr. , 

Division  Engineer, 
Rochester,  N.  Y. 

Dear  Sir: 

Find  attached  design  report  for  the  proposed  Federal  Aid  Reconstruction  of  Monroe 
Ave.,  Road  94,  Sta.  129  +  27  to  219  +  80.4  (1.71  miles). 

Two  estimates  have  been  made.  Design  1  calls  for  an  18-ft.  width  of  Cement  Concrete 
Pavement  8  by  63^^  by  8  in.  thick,  Mesh  and  Bar  Reinforcement  with  special  shoulders 
3  ft.  wide  on  both  sides,  co.nstructed  of  the  old  macadam  excavated  from  the  center  of  the 
road.     Design  1  is  estimated  to  cost  $78,000. 

Design  2  calls  for  an  18-ft.  Concrete  Pavement  7  by  6}^^  by  8  in.  thick  with  2-ft.  width 
of  gutter  and  a  curb  7  in.  high  along  the  left  side  of  the  pavement,  Sta.  129  to  184  where  the 
Rochester  and  Eastern  Electric  Ry.  tracks  are  located  close  to  the  pavement  edge.  A  special 
shoulder  3  ft.  wide  constructed  of  excavated  macadam  is  used  on  the  right  side.  From 
Sta.  184  to  219  the  design  remains  the  same  as  for  the  first  case.  This  design  gives  an 
effective  pavement  width  of  20  ft.  Sta.  129  to  184  and  provides  a  raised  curb  protection 
next  to  the  track.     Design  2  is  estimated  to  cost  $88,000. 

Detail  Report 

Location  and  Length. — The  proposed  reconstruction  extends  from  Clover  St.  to  the 
end  of  the  Brick  Pavement  near  the  Barge  Canal  (Sta.  129  +  27  to  219  +  80.4)  a  distance 
of  1.71  miles  of  which  0.12  miles  is  in  the  town  of  Brighton  and  1.59  miles  in  the  town  of 
Pittsford.  This  proposed  reconstruction  covers  the  portion  of  Monroe  Ave.  which  is  at 
present  in  poor  condition.  The  balance  of  Road  94  between  Rochester  and  Pittsford  is  in 
very  fair  shape  for  traffic. 

Previous  Designs  and  Recommended  Treatment. — The  portion  of  Road  94  covered 
by  this  contract  has  needed  attention  since  1918.  In  1920  a  survey  was  made  and  two 
alternate  designs  submitted.  The  recommended  design  of  1920  provided  for  widening 
the  old  14-ft.  macadam  to  16  ft.  with  a  slag  macadam  extension  and  a  new  surface  course 
of  2-in.  depth  of  Topeka  Mix  on  a  13^2-iii-  average  depth  of  Binder  evener  course.  Slag 
macadam  shoulders  were  provided  on  both  sides  of  the  pavement  (3  ft.  wide)  giving  a  total 
width  of  hard  surface  of  22  ft.  This  design  was  estimated  to  cost  $50,000.  An  alternate 
design  was  prepared  but  not  recommended  using  6-in.  Uniform  Depth  of  Cement  Concrete 
16  ft.  wide  at  an  estimated  cost  of  $60,000. 

At  the  time  these  estimates  were  made  (1920)  the  old  macadam  was  firm  but  rough  and 
the  additional  3}^  in.  should  have  provided  the  additional  strength  needed  to  prevent 
deterioration  under  the  growing  volume  and  weight  of  traffic.     During  the  last  3  years 
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Fig.   167. — Recommended  and  alternate  designs  reconstruction  road  94   (1923  design- 
estimated  costs  $88,000  and  $78,000). 
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however,  the  value  of  the  old  macadam  as  a  base  course,  has  been  greatly  reduced,  as  the 
lack  of  the  additional  Sj-i  in.  proposed,  has  permitted  churning  under  heavy  loads  which 
would  not  have  occurred  had  the  pavement  been  strengthened  at  the  proper  time.  This 
loss  of  effectiveness  due  to  breaking  of  the  bond  makes  it  advisable  to  eliminate  consideration 
of  the  use  of  the  old  macadam  as  a  base  for  an  Asphaltic  Concrete  Top,  and  makes  it  desir- 
able to  construct  some  kind  of  a  rigid  pavement.  Considering  limitation  of  funds  Cement 
Concrete  is  probably  a  reasonable  solution  for  this  contract. 
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Fig.   1685. — Alternate  design  in  1920.     Estimated  cost  $60,000. 
Note. — A  comparison  of  figures  167  and  168  shows  the  effect  of  delay  in  reconstruction 
cost  due  to  serious  deterioration  of  old  macadam. 

The  only  way  we  can  get  any  practical  value  of  the  old  macadam,  is  to  drop  the  new 
pavement  into  the  old  road  and  use  the  excavated  macadam  for  shoulders  close  to  the 
concrete.     This  is  the  general  basis  of  the  present  design. 

It  can  be  readily  seen  that  the  delay  in  reconstruction  due  to  shortage  of  funds  has  greatly 
increased  the  cost  of  the  necessary  work. 

Recommended  Section. — The  chief  problem  in  the  design  is  the  matter  of  drainage 
along  the  car  tracks,  Sta.  129  to  184.  The  best  method  of  treatment  is  Design  2  with  the 
Curb  and  Catch  Basin  Construction.  If  curb  is  not  used,  J.  E.  Kelly  has  made  the  excellent 
suggestion  of  using  a  one-way  crown  away  from  the  track,  which  will  help  in  the  matter  of 
surface  water  seepage  under  the  left  edge,  but  will  not  entirely  eliminate  this  trouble.  On 
account  of,  this  seepage  and  the  poor  character  of  the  soil  on  the  outer  edge  of  the  old 
shoulder,  we  recommend  an  edge  depth  of  8  in.  for  Design  1.  The  center  gets  some  benefit 
from  the  old  macadam  and  less  seepage  softening,  and  a  Q^-i  in.  is  recommended.  For 
Design  2  we  recommend  an  8-in.  edge  depth  where  no  gutter  is  used  and  a  7-in.  edge  depth 
where  gutter  is  constructed.  The  center  depth  is  the  same  as  for  Design  1.  Excavated 
macadam  is  to  be  used  for  the  new  shoulder  next  to  the  concrete. 
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Culverts. — The  existing  culverts  on  this  road  are  the  old  style  Vitrified  Clay  Pipe  and 
are  as  a  rule,  in  poor  condition.     New  Cast-iron  Pipe  has  been  designed. 

There  are  two  old  masonry  structures  which  should  be  pointed  up,  given  new  footing 
courses  and  lengthened  by  the  Town  of  Pittsford. 

The  Rochester  and  Eastern  Electric  Ry.  should  be  required  to  provide  the  necessary 
outlet  structures  under  their  tracks  to  take  care  of  the  large  flow  at  culvert  locations,  and  to 
handle  small  ditch  flow  at  intervals  of  not  exceeding  300  ft. 

Alignment  and  Grade. — The  alignment  is  excellent.  Sharpest  curve  5°.  No  new  right 
of  way  will  be  required. 

The  grades  are  easy  5  per  cent  Maximum. 

The  grade  line  as  laid  will  pro\dde  enough  excavated  old  macadam  for  the  new  proposed 
special  stone  shoulders.  For  the  new  earth  shoulder  widening  both  Borrow  and  Overhaul 
will  be  required. 

Borrow. — Borrow  can  be  obtained  from  the  Barge  Canal  Spoil  banks  within  2,000  ft. 
of  Sta.  219,  or  from  the  Old  Tow  Path  of  the  Old  Erie  Canal  west  of  lock  62.  The  first 
source  is  the  more  feasible  and  has  been  used  in  computing  overhaul. 

Materials.^ — Stone  and  Sand  must  be  imported  delivery  (West  Shore  Ry.  Pittsford) 
1,000  ft.  from  Sta.  220  of  this  contract. 

Water  Lake  Ontario  Water  Company.  Hydrant  at  Sta.  136  and  new  proposed  Long 
Meadow  Pipe  Line,  Sta.  190  to  219. 

Cement  Pittsford  Delivery  (West  Shore  Ry.). 

(Signed) 

W.  G.  HARGER 
Designer. 


Fig.    169. — Small    brick    cube    resurfacing    on    macadam    base    on    steep    grade. 


Suitable  Surfaces. — The  suitability  of  surfaces  has  been  thoroughly 
discussed  in  Chap.  II  and  III.  The  same  conclusions  hold  namely  that 
for  Class  III  and  IV  traffic  waterbound  macadam  oiled  or  gravel  well 
maintained  by  dragging  and  oiling  are  satisfactory  under  all  conditions. 
These  surfaces  are  satisfactory  on  any  steep  grade  occurring  on  improved 
road  systems.     For  Class  II  traffic  Waterbound,  Penetration  Bituminous 


MAINTENANCE  AND  RECONSTRUCTION  465 

IVIacatUun,  Asphaltic  Concretes,  Cement  Concrete  and  any  standard 
block  or  small  cube  is  satisfactory.  The  limitations  of  use  on  account  of 
grade  has  been  discussed  (see  pages  151  and  152).  Standard-sized  paving 
brick,  asphalt  block,  etc.  are  not  as  rational  as  the  smaller  units  on  a 
flexible  base  and  they  also  increase  the  difficulties  of  shoulder  work. 

For  Class  I,  any  standard  type  of  high-grade  surface  is  suitable  under 
the  same  limitations  of  local  preference  and  final  cost  discussed  in  Chap. 
II.  At  the  present  time,  the  most  easily  used  type  for  Class  I  resurfacing 
is  some  type  of  asphaltic  concrete  but  on  steep  grades  this  is  not  very 
satisfactory  and  we  hope  that  the  brick  or  stone  people  will  produce  a 
satisfactory  smaller  unit  sized  block  for  these  conditions.  On  main  roads, 
it  is  desirable  to  use  a  surface  which  is  not  maintained  by  surface  oihng 
as  the  oiling  process  is  disagreeable  for  traffic  for  a  short  period  each 
season.  On  secondary  roads,  short-time  annoyance  of  surface  oiling  is 
far  outweighed  by  the  reduced  total  cost  of  the  macadam  type.  That 
is,  very  few  communities  can  afford  perfection  of  comfort  on  secondary 
highwa3^s. 

RECONSTRUCTION  DESIGN 

General  Principles  of  Design. — Each  road  is  a  special  problem  requir- 
ing a  complete  knowledge  of  the  strength  of  the  existing  pavement  and 
careful  alternate  estimates  of  different  methods  of  treatment.  There  are 
an  innumerable  number  of  solutions  which  serve  the  purpose  provided  the 
general  basic  principles  are  not  violated.  A  few  typical  examples  are 
given  to  illustrate  common  cases.  The  basic  principles  of  reconstruction 
design  are  listed  as  follows: 

1.  Make  all  necessary  alignment  changes  on  the  score  of  safety  or 

reasonable  maximum  grades  (see  official  report,,  page  477). 

2.  Adequate  pavement  width   is  essential   and  should  be  provided 

at  this  stage  of  programs. 

3.  Retain  same  general  type  of  foundation  unless  existing  pavement  is 

practically  worthless. 

4.  Strength  design  for  either  the  macadam  or  rigid  type  is  determined 

in  the  manner  discussed  in  Chap.  II.     High-type  surface  should 
never  be  used  on  a  weak  base.     This  is  often  done. 

5.  Suitability  of  surface   depends   on  traffic  demands.     On  heavy- 

traffic  roads,  avoid  a  surface  which  requires  oiling. 

6.  Retain  same  type  of  surface  where  existing  pavements  are  to  be 

widened  only. 

7.  Avoid  use  of  so-called  dual  types  unless  unusual  conditions  such  as 

central  car  tracks  prevail. 

8.  Safe  and  solid  shoulders  are  essential. 

9.  Avoid    deep,    dangerous    ditches.     Use    storm  sewer    systems  if 

possible  to  eliminate  dangerous  ditches. 

30 
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Utilization  of  Old  Macadam  or  Gravel. — An  old  macadam  pavement 
must  never  be  scarified  unless  the  loosened  material  is  entirely  removed 
and  used  for  shoulder  material  on  the  side  of  the  new  surfacing.  Scarified 
macadam  never  can  be  put  back  into  a  good  hard  lock  as  the  mechanical 
bond  of  the  larger  stone  fragments  is  broken  and  they  are  completely 
separated  by  the  screenings.  Scarified  macadam  is  nothing  but  a  stone 
gravel  which  cannot  have  the  stability  of  the  interlock  construction. 
Inequalities  and  shape  of  crown  must  be  corrected  by  adding  new  material. 

If  an  old  macadam  pavement  is  to  be  widened  and  used  as  a  base 
for  a  high  type  surface,  the  widening  should  be  done  by  state  mainte- 
nance forces  a  year  before  the  resurfacing  to  give  it  a  chance  to  harden 
under  traffic.  If  the  widening  and  new  high  grade  surface  must  be 
constructed  hurriedl}^  the  most  feasible  solution  is  to  use  1:3:6  concrete 
about  8  in.  deep  for  the  foundation  widening  in  place  of  macadam 
although  this  method  is  not  advised  nor  is  it  often  necessary  with  reas- 
onable forethought.  If  an  old  macadam  is  to  be  widened  and  recapped 
with  macadam  on  Class  II  or  III  roads,  all  the  work  may  be  done  the 
same  season  although  it  is  desirable  to  complete  the  widening  well  in 
advance  of  the  new  top  and  give  it  considerable  traffic  pounding  to  better 
the  consolidation. 

If  an  old  macadam  pavement  must  be  strengthened  before  being 
recapped  with  a  high-grade  asphaltic  concrete  or  block  surface,  the  resur- 
facing additional  thickness  of  macadam  must  be  constructed  a  year 
ahead  of  the  final  resvu'facing  to  give  it  a  chance  to  harden  under  traffic. 
Asphaltic  concretes  or  block  surfaces  must  never  be  laid  on  new  macadam 
which  has  not  been  pounded  by  traffic  for  at  least  6  months. 

All  pot  holes  must  be  dug  out  at  least  3  in.  deep,  the  edges  squared  up, 
filled  with  13^^  to  23>^-in.  stone  or  slag,  thoroughly  rolled,  filled  with  slag 
or  stone  screenings  and  well  compacted.  Cold  patch  should  not  be  used 
for  work  of  this  kind.  Pot  holes  must  never  be  filled  by  varying  the  depth 
of  the  macadam  overlying  course. 

The  reinforcing  middle  course  must  not  be  laid  until  all  pot  holes  are 
completely  repaired.  This  course  must  be  fairly  uniform  in  thickness; 
there  should  be  no  sudden  variation  of  over  20  per  cent  in  finished  depth. 

The  top  course  must  be  very  uniform  in  thickness.  Macadam  top 
should  have  no  sudden  variation  of  more  than  15  per  cent,  and  asphaltic 
concrete  surface  mix  no  sudden  variation  of  more  than  10  per  cent  in 
depth.  Violation  of  these  rules  in  regard  to  uniformity  of  depth  occur 
quite  frequently  and  explain  many  unsatisfactory  repair  jobs. 

Case  1.  Widening  Existing  Pavements. — This  case  is  illustrated  by 
Figs.  170  to  172  Road  5  near  Rochester,  N.  Y.  carrying  4,000  to  5,000 
veh"cles  daily  (10-hour  count  in  summer).  This  road  is  an  asphaltic 
concrete  (modified  Topeka)  on  concrete  base  Sta.  0  to  74  and  an  Amiesite 
Top  on  Macadam  Base  Sta.  74  to  130.     The  foundation  soil  is  sand  and 
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gravel.     It  has  served  traffic  well  with  the  exception  of  width.     Figure 
171  shows  the  first  design  prepared  which  violated  all  the  basic  principles 


Fio.   17QA. — Tj'pical  conditions    Road  5,   Sta.   0   to   74    (asphaltic    concrete  on    cement 

concrete  base). 


Fig.   1705. — Typical  conditions  Road  5,  Sta.  74  to  110  (amiesite  on  macadam  base). 

of  reconstruction  design.  It  changed  general  type  of  foundation  and 
used  different  types  of  surfacing.  Figure  172  shows  a  new  design  which 
not  only  retains  type  but  is  cheaper  in  construction  cost.     Figure  172 
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is  a  satisfactory  design  for  a  case  of  this  kind  with  the  exception  that  the 
concrete  base  shouM  be  thicker  than  shown  (for  recommended  depths, 
see  Table  23,  page  137).  The  object  of  the  undercut  concrete  base 
connection  is  to  prevent  separation  of  additional  base  from  original  base; 
it  gives  a  good  grip  contact. 

CASE  2.     RECAPPING  A  WORN-OUT  RIGID  BASE  PAVEMENT  HAVING   A 

REMOVABLE  TOP 

Essential  Points. — This  case  is  very  simple;  it  merely  involves  the 
removal  of  the  old  worn-out  surface  and  its  replacement  by  any  standard 

The  En^meer-will designate  which  humps  and  hollows 
in  exisring  top  course  are  lobe  repaired  Such 
mpair  IS  covered  by  Items  No.  79,  eSandS4--- 
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h^fii^'}^^^^^'^  .  L:\  -  -NeMening 
^ Variable > 

Typical    Section  NOTE ih  computing  excavation  for  Final 

Sta  0  -  SO  fo  72  +  90  Pa'^yjf'°"i''"°J',S."''^^''L^^7''''^fSC 
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as  ordered  by  the  Engineer  under  Item  No.  8dand82 
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opac?  between  undisturbed  exishnaMacadami  ■  FbivementmdeningSS'wide  T'lhiidt 

ondec^eomwConcmtetoberemedmfh    (  \  Viriable  Crown  Slope  as  orde'red^mahehansverse 

Stone  coated  and  sealed mfh  bitumen  ■,  ;  jomhastbr  standard  pavement  All  surface  edges 

as  stipulated  andpaid-^r  under  Item  Na  set    \  :  andjointstoberoundedandall  transverse  and 


New  Reinforced  CementConcrete 
Pavement  Widening (7" fhiclrj 
I- 1'/2 :3Mix.(Vanab/e CrownJ 

Old  Grading.     V 
Stop' 


longitudinal  Joints  to  be  sealed  with  hit  materia/ 
Existing  Macadam  Bothm  Course    ,' 


vJ,  '■Variable  Average         ^.-' 

Old  Macadam  '■         \    '■         ,--'' 
''l8'to!0'y/id€-\-'^   /  ,-''        ^    ,  „ 
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Variable 
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S+ci  79+75  to  150+OOt. 

(Special  Sections  one  used) 

(MearSta  86,104  ond  )23j 

Fig.    171. — Design  1,  Road  5,  this  design  violates  all  principles  of  reconstruction. 

type  of  surface  desired.  The  old  rigid  base  is  retained  and  repaired  if 
necessary.  New  edging  or  stone  shoulders  bound  with  bitumen  are 
provided.     This  case  does  not  require  illustration  by  typical  sections. 

CASE  3.     RECAPPING  A  WORN-OUT  MONOLITHIC  TYPE  RIGID  PAVEMENT 
OF  AMPLE  STRENGTH  AND  WIDTH 

Essential  Points. — Broken  down  or  weak  areas  of  the  old  pavement 
are  cut  out  and  removed  and  the  edges  of  the  retained  pavement  squared 
up.  The  subgrade  is  undercut  along  connecting  edge  similar  to  Fig.  173; 
new  concrete  base  is  laid  and  well  tamped  into  the  undercut.  This  con- 
crete is  protected  from  traffic  and  allowed  to  set  14  days  before  the  new 


MAINTENANCE  AND  RECONSTRUCTION 


469 


surface  is  placed.     Two  general  tj'pes  of  surface  can  be  used,  Asphaltic 
Concretes  or  anj'  standard  block  or  cube  form  of  pavement. 


Okl2  Top  Bifuminous  Macadam 

7XLf;MMcp  :  f^^Xrir      t^f^^d.T^P-2-7opCoyrMB-Conso!,M 
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5+a.0-50fo7'2+90 
TofalWidfh  Pavemenf  25.0 


Variable 


'  New  Concreh  Base 


Oufside  Edge  Widening 
13  'off  cenier  line 


New 3  AmesifeTop 3 ^0  4 wide,  IiemS2 
■     .--NewS  SlagBol-hm3fo4  tv'ide 


OldShoMe- 
Do  nofd/siurb 


<- '^..-25^023- ^ 

.4  ,  V- 

Proposed  Widening 

Typical  Secfion 
Si-a.T9+T5lol30  +  00± 
^Special  Sections  are  used 

near5+a.l04  and  121+0  I30j 


NO  TE '.  The  widening  is  on  the  easfside 
only  as  as  biis  gives  a  usable  widfh  and  fiie 
genera!  slope  and  crown  affile  Old  Macadam 
is  nearly  perfect  on  this  line  excepf  from 
Sta.  121  io  129.  The  crown  on  fhe  wesfside 
is  sfeep  and  Iraffi'c  nafurallg  crowds 

fhe  east  side. 


Fig.   172. 


-Design  2,    Road    5,    this    design    complies    with  basic  design  principles  and  is 
cheaper  than  design  1. 


If  Asphaltic  Concrete  is  used,  the  procedure  is  essentially  as  follows: 
Pot  holes  in  the  old  pavement  over  Y2  in.  deep  but  not  too  deep  to 
weaken  the  base  are  chiselled  out  to  a  square  edge  and  filled  with  coarse 
stone  cold  patch  material  filled  with  coarse  sand  and  thoroughly  rolled. 
Small  depressions,  cracks  and  crown  irregularities  are  cleaned  out  and 
filled  by  varying  the  depth  of  regular  binder  course.  For  this  purpose, 
an  average  depth  of  1  to  13^'^  in.  compacted  binder  is  generally  sufficient. 
The  final  surfacing  can  be  constructed  of  any  desired  mix  of  Asphaltic 
Concrete  ranging  in  depth  from  13^-2  to  2Yi  in.  as  desired.  For  Class  II  or 
II A  Traffic,  13'^-in.  modified  Topeka  makes  a  good  surface;  for  Class  I 
traffic  2  in.  of  fine  aggregate  Sheet  Asphalt  makes  a  good  surface.  The 
thickness  of  the  surface  course  must  be  uniform  (see  page  466).     Well  com- 
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pacted  bituminous  macadam  shoulders  at  least  4  to  6  in,  deep  and  2  ft. 
wide  should  be  constructed  along  the  edge  to  prevent  excessive  edge 
wear  of  the  high-class  pavement.  Safe  width  of  grading  shoulder  and 
safe  ditch  section  should  be  provided.  This  case  is  illustrated  by 
Fig.   173. 

If  a  standard  block  surface  is  used,  the  repair  of  the  base  for  weak 
areas  is  the  same  as  described.  Pot  hole  repair  for  depressions  over  }i  in. 
deep  consists  of  chiselling  out  to  a  square  edge  and  filUng  with  1:2:4  or 


//em  No.  - 
PofHole  Repair  Binder  Filled 

Any  desired  Mix.  Asphalfic.^ 
Concrek  I'/^'to  ?  "fhi'ch 


Binder  Course  I  "h  1^  -Average  thickness,  ; 
Well  Compacted  Macadam  Edgingt 


Pol  Hole  Repair 
'' Chisel  outand  fill  with  1:3:4 
fine  Stone  Concrete 

,  Any  Standard  Block  Surface 

'  ;i  tot' CementSand Cushion  I -4- Mix. 

,,'-/.7|.  ■' J  Concrete  Flush  Edging 

'Old  Shoulder 


Cracked  and  Broken  Down  Areas 
removed  and  replaced  with 
Cement  Concrete  I:  E'/i  -SMix. 
Any  necessary  depth  see  Chapter  c. 
Use  Undercut  Connection 

Fig.   17.3.— Typical  design,  Case  3. 

1:3^^:3  concrete  which  is  protected  and  allowed  to  set  for  14  days. 
Cracks,  minor  irregularities  of  crown  and  small  depressions  are  cleaned 
out  and  removed  by  varying  the  depth  of  the  cement  sand  cushion  on 
which  the  new  surfacing  is  to  be  laid.  An  allowance  of  1-  to  Ij-^-in. 
average  depth  of  1  to  4  cement  sand  cushion  is  generally  ample  to  meet 
this  requirement.  On  this  cement  sand  cushion,  the  block  surface  is 
constructed  in  the  same  manner  as  for  original  construction.  The  edge 
of  the  pavement  should  be  protected  by  a  simple  concrete  flush  edging 
outside  of  which  the  stone  shoulder,  earth  grading  and  ditch  section  are  the 
same  as  for  the   previous   case.     This  case  is  illustrated  by  Fig.  173. 


CASE  4.     CHANGE  OF  TYPE  ON  CLASS  I  TRAFFIC  ROAD 

(a)  Where  Old  Macadam  is  of  Ample  Width 

Essential  Points. — Drop  new  rigid  pavement  below  surface  of  old 
rough  macadam  in  order  to  get  a  uniform  supporting  surface  and  in  order 
to  obtain  cheaply  the  stone  shoulder  needed  on  each  side  of  the  new  rigid 
pavement.  That  is,  the  old  macadam  top  course  is  scarified  and  removed 
and  used  as  a  shoulder  along  the  sides  of  the  new  pavement. 

The  new  pavement  should  be  of  ample  depth  for  macadam  support 
conditions,  see  Chap.  II  on  Design  for  the  effect  of  macadam  underlying 
support. 
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(6)  Where  Old  Macadam  is  of  Less  Width  Than  New  Pavement 

The  same  procedure  applies  in  regard  to  scarifying,  removing  old  top 
and  utilizing  it  for  new  shoulder.  In  designing  depth,  it  is  good  policy 
to  increase  edge  depth  over  middle  depth  where  the  advantage  of  maca- 
dam support  is  lost.     It  is  poor  design  to  attempt  to  widen  the  macadam 


{-/-'(p' 


^<fs 


B3'-0"- ^ 

-->!< lO'-O " ^4-0 "-X:^''0"^\  '  ,(0^ 

\TheoreiicalGrElev^  \  2'k"    \  -8"    'jji^ 
"I J  "^-i±±g/cv,-    ••  "^^  "'^ 


Surface  of  existing  Road- 
fobe6carified 


'  5  "Broken  Slag  Bottom  Course 

( Reinforced  Broken  Stone  Cement 
Concrete  /-^  -3  Mix. 
I  6  "Uniform  fhichness 


Fig.   174. — Case  4,  Example  of  poor  design, 
(a)   New  pavement  too  thin  for  Class  I  traffic. 
(6)    New  pavement  should  have  been  dropped  into  existing  macadam  utilizing  scarified 

top  course  for  shoulders, 
(c)    New  pavement  should  have  been  thickened  outside  of  old  macadam  instead  of 

constructing  a  narrow  subcourse  of  5  ft.  broken  slag. 


Fig.  175. — Three  strip  dual  type.  This  is  popular  as  it  segregates  traffic  but  it  is  an 
expensive  road  to  maintain  and  is  not  recommended  for  any  extensive  mileage.  Mixed 
types  are  fundamentally  poor  practice. 

and  then  use  uniform  depth  of  new  pavement  (see  also  Chap.  II  for 
relation  of  edge  to  center  depth). 

Figure  174  illustrates  poor  practice.  Figure  167  illustrates  good  prac- 
tice. Figure  46,  page  123,  shows  an  18-ft.  concrete  surfacing  job  in 
New  York  State  with  central  joint. 
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CASE  5.     THREE-STRIP  DUAL  TYPE  OF  CONSTRUCTION.     CLASS  I 

TRAFFIC 

(Not  recommended) 

The  general  idea  of  this  type  of  reconstruction  is  shown  in  Fig.  175. 
This  type  is  fundamentally  wrong  and  is  expensive  to  maintain 
although  it  is  quite  popular  with  traffic  as  it  tends  to  separate  the  lines 
of  travel. 


^ofl^^-'''"-^ 


f^pprovmare  Surface  of  \        Not  h he 
Exisfing  ffoad      scarified 
fobescanfiea 

Shoulders  and  Ditches  fobebuilfingrenera/ 
as  shown  buf-ivc{Li  be  varied  in  special  cases 
if  ordered  by  ihe  Engineer 


V-l'-0".y  ^ 

PA'-Evsmg 


5  Broken  Slag  Bottom  Coarse 
'■■  Reinforced  Broken  Stone  Cement 
Concrete  i'i'/2  ^SUix.^  6  "Uniform  Thickness 

'  J  Bituminous  liiacadam 
Fknetration  Method  on  PresentSurface  of  Macadam 
or  Bottom  Course  Broken  Slag  ifnecessarg 


Fig.   176. — Case  5.     Dual  type  (poor  practice), 
(a)   New  pavement  too  thin  for  Class  I  Traffic. 
(6)    New  pavement  should  have  been  thickened  at  edge  instead  of  constructing  subbase 

course  of  5  in.  broken  slag. 
(c)    Stone  or  gravel  shoulders  should  have  been  provided  out.side  of  rigid  pavement. 


Circular  Arc^  Crown  }^  'per  ft 


Ifemt/o- 
Repair  Pot  Holes 

Item  No^  - 
New  Rigid  Pavement 
'//tot  "admional  thickness 
where  support  of  old  Macadam 
is  lost.  See  Chapter  B.  \ 


Ifem  No.  -        „     f, 
.Bituminous  Macacfam4  foSdeep 
:  Elevation  of  Edge  ^  "+  above  edge 
'  of  Rigid  Paveme  nt- 


Straight  Crown 
1/4  to  Iff. 

Stons  Shoulders  Constructed 
'of Scarified  iviacadam 


„  ill'" 

'/."u.  Ipl^  o" 


Old  shoulder 

Old  Macadam  Bottom  Course. 
Do  not  disturb 


Scarufu  and  Remove  Old  Macadan- 
Top  Course  Outside  Middle  Sft 

Fig.   176^. — Case  5  (good  practice).* 


Essential  Points. — The  same  principles  of  utilizing  old  macadam  top 
course  for  shoulder  material  applies  as  in  Case  4;  the  same  principle  of 
deepening  the  pavement  along  the  edges  where  it  loses  macadam  sup- 
port applies  as  in  Case  4.  Case  5  is  illustrated  by  Fig.  176  (Poor  Practice), 
176 A  (Good  Practice). 

*  Note. — Where  dual  type  is  used  on  new  grading  the  concret  strip  should  be 
uniform  in  depth  as  the  corners  are  all  exterior  classification  (see  Chap.  II,  pp.  116-120). 
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CASE  6.     RECAPPING  FIRM  ROUGH  MACADAM 

Essential  Points. — Pot  holes  in  the  surface  over  }i  in.  deep  are  picked 
out  for  the  full  depth  of  the  top  course  and  the  edges  squared  up.  The 
hole  is  filled  with  regular  top  stone  or  slag  (1^-  to  2>^-in.  size)  thoroughly 
rolled  to  a  tight  lock;  filled  with  coarse  sand  or  screenings  and  hard  rolled. 
The  surface  course  is  then  laid  in  the  usual  manner  using  any  type  desired. 
Waterbound  or  Penetration  Bituminous  Macadam  3-in.  consolidated 
depth  can  be  used  for  Class  III  traffic.  Penetration  bituminous  3  in.  deep 
is  satisfactory  for  Class  II  traffic.  Some  form  of  asphaltic  concrete 
preferably  of  the  coarse  aggregate  type  averaging  2)'2  to  3  in.  finished 

^'  -P^  Cube  5urface( Brick  or  Shne) 

ij  ;    SandJoinh  oiled. 

Well  Compacfed         OrcularArcCrown^pern.    i    .[^ener  Course  Cement  Sand 
Bifummous Macadam^     ^.j/e^^o^  :   /orBifum/nous Sarrd 

2  "Average  thickness^ 
/. 


Do  noldi'sh'rh  old  Macadam 
Fig.   177^1. — Recapping  old  firm  macadam  with  cube  surface. 

depth  is  satisfactory  for  Class  II  or  IIA.  Coarse  graded  amiesite  is  par- 
ticularly adapted  to  such  cases  as  it  adds  materially  to  the  structural 
strength  of  the  old  base.  Under  the  heavier  IIA  traffic,  a  1-in.  binder 
course  with  1^2  to  2  in.  of  modified  Topeka  is  a  good  solution  provided 
steep  grades  are  not  encountered.  The  thickness  of  the  top  course  must  be 
uniform.  On  steep  grades,  the  single  pour  bituminous  macadam  or 
small  cubical  block  surface  is  used.  If  a  block  or  cube  surface  is  used 
the  minor  surface  irregularities  of  the  old  macadam  remaining  after 
the  pot  holes  have  been  repaired  are  eliminated  by  a  varying  depth  of 
1 :4  cement  sand  cushion;  joints  are  filled  with  either  bitumen  or  sand  with 
a  light  surface  oiling.  The  new  shoulders  should  be  a  good  gravelly  soil 
and  the  grading  width  of  new  shoulders  and  ditches  must  be  safe. 

Don'ts. — In  recapping  an  old  firm  rough  macadam,  do  not  scarify  the 
old  surface  and  add  material  (see  page  466).  If  the  old  surface  is  a 
smooth  slippery  flush  coat  bituminous  macadam  on  which  it  is  difficult 
to  get  a  good  grip  for  the  surface  coat,  it  can  be  either  scarified  and 
completely  removed  and  used  on  the  shoulder  or  a  33'^-in.  depth  of  new 
top  can  be  used  which  has  considerable  internal  stability  of  its  own  or  a 
bituminous  paint  binder  can  be  applied,  overlaid  with  an  open  mix  binder 
about  1  in.  deep  and  finished  off  with  a  Modified  Topeka  Surface  mix. 

Don't  attempt  to  widen  an  old  macadam  base  the  same  year  that 
it  is  recapped  with  a  high  grade  asphaltic  concrete  or  block  surface  Class 
IIA  or  I  traffic.  Widening  for  this  class  of  work  should  be  done  the  pre- 
ceding year.     Under  Class  II  or  III  traffic  with  an  ordinary  macadam 
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3%p  Course  BHuminous  Mcicaciam_,  Penefrafion  Me  f ho  J 
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"or 

5  Bottom  Course^  Broken  Ztone  or  Broken  Slaa  -  ^  <. 


Theorelical  Crown  Grade 
'3  "above  Old  Road 


f?iT^T°'''  ^°^'^'"'''  '"'-Old Concrete  Road  14 'wide. 

VmtopcouiZ     Typical  Sec+Ion- Road  No.579  Donof  disturb  except  where  ordered 
IS  spread  S+a.204± -5+a.222+50 

Noh  for  Tupkal  Sections:  Shoulders  and  Ditches  to  be  built  in  general  as  shown 
on  Typical  Sections^  but  theu  maij  be  varied  in  special  cases  if  ordered  bi/  the  Engineer 

Fig.   niB. — Illustrating  good  current  practice.     Cases  6  and  7. 

NOTE.  Shoulders  and  Ditches 
tobebuilt  in  general  as  shown 
but  mag  be  varied  in  special  cases 


k^^->K 16 

Top  Course  3  "Bit  Mac.Penetration  Method-  -  - 

Crown  ^/J'nerm-..  I    I    I    I     iiV 

t^-'^Yn     ■  BpHorACourse4"  '^^ 


I*    if  ordered  bg  the 
''r"    Enaineer 


^^TP^TXT^XTT- 


•5  BrokenJiag   Slope  l'/2  tol 
Bottom  Course 


BrokenSlag 
Approximate  NatumI Surface 

Center  Line  of  Improvement    I  NOTE'.  Where  Surface  ofexiiting  Roadwag  is  badig 

broken  upj  old  Material  is  to  be  excavated  and 
Foundation  Course(Field  orQuarry  Stonejis  hbe  laid. 

Typical   Secfion 

Fig.   178. — Case  7.     Good  typical  example  of  widening,  strengthening  and  recapping 
.an  old  narrow  weak  macadam  pavement.      Division  7,  New  York  State. 
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recapping,  this  restriction  does  not  hold.     If  a  quick  widening  is  absolutely 
necessar}^  Class  I  or  IIA  traffic,  a  depth  of  8  in.  of  1:3:6  cement  concrete 
for  the  additional  foundation  width  is  probably  the  best  solution. 
The  final  top  course  must  be  uniform  in  thickness  (see  page  466). 

CASE  7.     REINFORCING  AND  RESURFACING  AN  OLD   WEAK    MACADAM 
CLASS  IIA,  II  OR  III  TRAFFIC 

Essential  Points. — Actual  conditions  as  to  underlying  soil  and  existing 
depth  of  macadam  must  be  thoroughly  investigated  by  test  holes  and 
records  of  spring  blow  ups.  The  portions  of  the  road  which  are  entirely 
inadequate  should  be  completely  removed  and  rebuilt  to  the  proper  depth 
(see  Chap.  II,  page  100).  For  this  work,  regular  construction  methods 
apply  utilizing  any  available  type  of  subbase  or  foundation  course. 
Where  a  middle  reinforcing  course  of  3-  to  5-in.  depth  in  conjunction  with 
the  new  surface  course  will  produce  an  adequate  depth,  the  old  road  is 
left  untouched.  Pot  holes  are  repaired  as  in  Case  6.  These  must  be 
repaired  before  the  reinforcing  course  is  laid.  The  reinforcing  course  is 
essentially  the  same  as  ordinary  macadam  bottom  and  ordinary  construc- 
tion methods  and  material  requirements  apply.  The  top  course  construc- 
tion is  the  same  as  for  new  construction  where  Waterbound  or  Penetration 
Macadam  is  used.  If  a  high-grade  asphaltic  concrete  or  block  surface 
is  contemplated  under  Class  IIA  traffic,  it  must  not  be  laid  the  same 
season  as  the  reinforcing  course.  Traffic  must  be  permitted  on  the  rein- 
forcing course  for  at  least  one  year.  Under  these  conditions  the  reinforc- 
ing course  should  be  bound  with  screenings  instead  of  sand  and  ravelhng 
prevented  by  applications  of  Calcium  Chloride.  Case  7  is  illustrated 
by  Figs.  177  and  178. 

TYPICAL  REPORT  ILLUSTRATING  THE  ADVANTAGE   OF  RECONSTRUCTION 

RELOCATIONS 

Rochester,  N.  Y. 
May  16,  1923. 

Mr. 

Division  Engineer 
Rochester,  N.  Y. 
Dear  Sir: 

Find  attached  detail  report  on  the  proposed  relocation  of  Clover  St.  Road  No.  294 
Sta.  0  to  9  (Canal  Crossing). 

We  recommend  a  16  ft.  bituminous  macadam  pavement  on  straight  alignment  with 
5  per  cent  maximum  grade  at  an  estimated  cost  of  $9,500.  If  cement  concrete  pavement 
is  used  the  cost  is  estimated  at  $11,800. 

This  relocation  is  justified  on  the  score  of  safety  alone  as  it  eliminates  two  sharp  curves, 
an  8  per  cent  grade  and  an  old  narrow  unsafe  bridge.  The  reduction  in  motor  operation 
cost  on  the  new  line  probably  warrants  a  construction  expenditure  of  about  $10,000  but 
this  consideration  need  not  be  given  much  weight  for  this  particular  project  although  it 
furnishes  an  additional  argument  in  favor  of  the  work. 

Sincerely  yours, 

W.  G.  Harger, 

Designer. 
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DETAIL   REPORT 
Clover  Street  Road  294  (Canal  Crossing) 

1.  Location  and  Length. — The  proposed  relocation  extends  from  Monroe  Ave.  Road 
No.  94  to  St:i.  9+00  of  Clover  Street  Road  294  a  distance  of  900  ft. 

2.  TraflSc  Classification.— Road  294  is  on  the  verge  between  Class  II  and  Class  III 
traffic.  The  1920  census  gives  550  vehicles  in  12  hours  summer  travel  and  the  1922  census 
400  vehicles  in  12  hours.  For  purposes  of  estimating  the  economic  value  of  the  proposed 
improvement  an  allowance  of  800  vehicles  daily  will  be  made. 

3.  Grades  and  Alignment. —  The  proposed  relocation  materially  improves  the  grade 
and  alignment.  The  existing  alignment  has  two  sharp  curves  one  of  75-ft.  radius  and 
one  of  200  ft.  radius.  The  existing  grades  are  steep,  an  8  per  cent  bridge  approach  grade 
is  the  maximum.  The  proposed  alignment  is  straight  with  a  5  per  cent  maximum  rate  of 
grade.  The  distance  on  the  new  line  is  44  ft.  shorter  than  on  the  existing  road  and  the 
old  narrow  unsafe  bridge  over  the  abandoned  Erie  Canal  is  replaced  by  a  permanent  fill 
with  culvert  drainage.  The  cost  of  the  necessary  grading  on  the  new  location  is  esti- 
mated at  $1,000.  The  economic  benefit  of  this  grading  is  estimated  at  $10,000  (see  fol- 
lowing tabulation  based  on  curve  No.  1,  Fig.  5,  page  16). 


T.\BULATION    OV    CaPIT.\LIZED    MoTOR    OPERATION    CoSTS 

Old  and  New  Locations  (Sta.  0  to  12  +  00) 


Estimated  capi- 
talized cost 
motor  operation 
100  vehicles  daily 
per  foot  of 
distance 

Old  profile 

New  profile 

Rate  of  grade, 
per  cent 

Distance 

Amount 

Distance 

Amount 

1  or  less 
2.0 
2.6 
3.0 
3.4 
3.9 
4.0 
4.2 
5.0 
8.0 

$  9.10 
9.15 
9.21 
9.25 
9.31 
9.37 
9.40 
9.46 
9.70 
12.50 

80 
320 

100 

80 
300 

320 

$      728 
2,928 

925 

752 

2,838 

4,000 

50 

200 

100 
100 

156 
5.50 

$      455 

1,842 

931 
937 

1,475 
5,.335 

Totals 

1,200 

$12,171      1         1,156              $10,975 

Net  capitalized  advantage  of  new  line  per  100  vehicles  daily — $1,200. 

Net  advantage  800  vehicles  daily— $9,600  say  $10,000. 

4.  Suitable  Pavement  Types  (Based  on  TiaflBc  Classification). — This  road  is  Class  II 
traffic  (see  Section  2  of  this  report) .  For  this  volume  and  character  of  traffic  either  bitumi- 
nous macadam  or  cement  concrete  will  serve  satisfactorily.  For  the  special  conditions  pre- 
vailing it  is  probable  that  bituminous  macadam  is  the  more  rational  type  to  choose  based 
on  the  following  facts.  This  relocation  is  a  short  piece  of  road  No.  294  which  is  a  bitumi- 
nous macadam  construction;  it  connects  at  the  north  end  (Sta.  0)  with  the  road  No.  474 
which  is  bituminous  macadam  and  with  road  No.  94  which  is  bituminous  macadam  to 
the  west  and  will  be  reinforced  cement  concrete  to  the  eastward.  This  relocation  will 
have  some  deep  fills  which  will  probably  settle  for  two  or  three  years  after  construction 
which  is  not  a  favorable  condition  for  rigid  pavement  construction.     The  existing  macadam 
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on    the    old  road  can  be  excavated  and  reused  for  subbase  course  of  the  new  macadam 
construction  which  gives  a  distinct  economic  advantage  to  the  use  of  this  type. 

For  record  purposes  comparative  estimates  have  been  prepared  for  both  bituminous 
macadam  and  cement  concrete. 

5.  Soils. — The  subgrade  soil  is  a  medium  clay  comparatively  free  from  ground  water 
seepage. 

6.  Uniform  Strength  Design. 


Sta   to  Sta 

Soil 

Grading  conditions 

Total  pavements  depths* 

Macadam 

Concrete 

0-2 

2-7 
7-9 

Medium  clay 
Medium  clay 
Medium  clay 

Cut  and  shallow  fills 
Fills  over  3  in.  deep 
Cut  and  shallow  fills 

16 

11 
16 

7 
7 

7 

*  These  depths  are  based  on  Table  17,  page  100,  for  the  macadam  design  and  on  the 
minimum  allowable  depth  concrete  pavements,  page  255. 

As  a  further  evidence  of  proper  allowable  depth  of  macadam  on  this  road  the  existing 
macadam  (10  in.  deep)  i"s  in  perfect  shape  on  the  high  fill  Sta.  0  to  5  after  10  years  use.  At 
no  point  on  road  No.  294  has  there  been  any  evidence  of  weakness  where  the  old  macadam 
is  16  in.  deep  in  cuts.  This  old  road  carries  a  regular  milk  collecting  truck  route  and  this 
evidence  extending  over  ten  years  seems  to  strengthen  the  conclusions  expressed  by  Table 
17,  page  100. 

We  recommend  for  the  macadam  construction  a  3  in.  depth  of  top  course;  4  in.  depth 
of  new  stone  or  slag  middle  course  and  from  4  to  9  in.  of  reused  old  macadam  for  the  foun- 
dation course. 

7.  Materials  Required  (Pavement  Estimate). — -There  are  1,900  sq.  yd.  of  pavement 
on  this  job.  The  macadam  type  of  pavement  will  require:  320  cu.  yd.  foundation  course 
(4  to  9  in.  thick) ;  200  cu.  yd.  middle  course  (4  in.  thick) ;  160  cu.  yd.  top  course  (3  in.  thick) ; 
4,300  gal.  of  bituminous  binder. 

The  concrete  type  of  pavement  will  require:  360  cu.  yd.  concrete  1:13^^:3  mix  (6%  in. 
thick);  700  bbl.  cement;  17,200  sq.  ft.  mesh  reinforcement  (40  lb.  per  100  sq.  ft.);  7,000 
lb.  bar  reinforcement;  400  lin.  ft  expansion  joints. 

8.  Materials  Available. — The  only  local  material  available  is  the  existing  macadam 
Sta.  0  to  9  which  can  be  excavated  and  reused  for  foundation  course  macadam  construc- 
tion.    Three  hundred  and  fifty  cubic  yards  of  this  old  macadam  is  available  for  reuse. 

All  other  materials  must  be  imported.  Cement  (Pittsford  delivery).  Stone  (Pitts- 
ford  delivery  or  truck  from  Rochester) .  Sand  (Pittsford  delivery  or  truck  from  Rochester) . 
Bitumen  (Pittsford  delivery  or  Tarvia  from  Brighton).  Water  (hydrant  supply  Sta.  0 
and  Sta.  9.     Lake  Ontario  Water  Company). 

9.  Comparative  Estimates  (see  Table  30,  page  392). 


Average 
thickness 

Costs  per  sq.  yd.  of  pavement 

Type  of  pavement 

Est. 

const. 

cost 

Yearly 
interest 

Yearly 

maintain- 

ance 

Yearly 
renewal 

Total 
yearly 
charge 

Bituminous  macadam 

Cement  concrete 

13 

7 

$2.10 
3.20 

$0,105 
0.160 

$0,035 
0.010 

$0.11 
0.12 

$0.25 
0.29 

Grading,  culverts  and  incidentals  are  estimated  at  approximately  $4,900. 
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The  total  cost  including  all  items  with  an  allowance  of  approximately  $800  for 
Engineering,  Inspection  and  conting(;nce  is  as  follows: 

Bituminous  Macadam $  9,500 

Cement   Concrete 11,809 

10.  Maximum  Allowable  Expenditure  and  Final  Recommendations. — -Any  necessary 
expenditure  is  allowable  on  thi.s  project  on  the  score  of  safety  as  outlined  in  the  first 
paragraph  of  the  report.  The  economic  advantage  of  the  new  location  due  to  better 
grades  and  shorter  distance  probably  warrants  a  construction  expenditure  of  about 
$10,900  to  $11,000  (see  Section  .3  of  this  report).  The  new  pavement  does  not  reduce 
motor  operation  costs  appreciably  as  the  present  pavement  is  equivalent  to  a  first  class 
asphaltic  concrete  surface  as  far  as  operation  is  concerned.  The  total  economic  value  of  the 
proposed  work  does  not  probably  exceed  $11,000  to  $12,000. 

Either  cement  concrete  or  bituminous  macadam  could  be  constructed  without  loss  to 
the  community  but  the  selection  of  bituminous  macadam  seems  the  better  business  invest- 
ment in  this  particular  case  as  discussed  in  Section  4  of  this  report. 

Signed, 

W.  G.  Harger, 

Designer. 

TYPICAL  REPORT  ILLUSTRATING  THE  EFFECT  OF  ULTILIZATION  OF   OLD 

MACADAM    ON  RECONSTRUCTION   COSTS 

Rochester,  N.  Y. 
April  10,  1923. 

Mr. 

Division  Engineer 
Rochester,  N.  Y. 
Dear  Sir: 

Find  below  summarized  design  report  on  the  reconstruction  of  Road  No.  99,  State 
route  No.  30,  Class  IIA  traffic,  from  Sta.  89  to  239  +  35,  a  distance  of  2.83  miles. 

We  recommend  an  entirely  new  cement  concrete  pavement  7  in.  average  depth  Sta. 
89  to  132.  From  Sta.  132  to  239  we  recommend  that  the  old  macadam  (at  present  ranging 
in  depth  from  8  to  11  in.  as  determined  by  50  test  holes)  be  retained  as  a  base  course,  wid- 
ened to  18  ft.  with  gravel  foundation  course,  the  thickness  of  the  old  road  increased  by  the 
addition  of  a  4  in.  slag  waterbound  middle  course  which  is  to  be  used  by  traffic  at  least 
3  months  and  then  capped  with  3  in.  of  some  type  of  asphalt  concrete  preferably  Amiesite 
or  Topeka.  This  design  is  estimated  to  cost  $134,000.  If  cement  concrete  is  used  for 
the  entire  distance  the  estimated  cost  is  $146,000.  These  two  designs  are  practically  equal 
from  the  standpoint  of  maintenance  and  motor  operation  costs. 

An  alignment  change  is  made  between  Sta.  109  and  114:  this  change  in  alignment  is 
amply  justified  on  the  score  of  safety  regardless  of  the  increased  cost.  It  increases  the 
cost  over  following  the  old  road  about  $11,000  but  it  probably  cheapens  the  cost  of  motor 
operation  enough  to  warrant  a  construction  expenditure  of  at  least  $6,000  even  if  the 
increased  safety  is  given  no  weight  in  the  decision. 

Sincerely  yours, 

W.  G.  Harger, 

Designer. 


CHAPTER  V 


MINOR  POINTS  OF  DESIGN 


For  convenience  of  reference  this  chapter  gives  a  few  illustrations  of 
current  practice  in  connection  with  incidental  features  of  road  construc- 
tion such  as  guide  rail,  retaining  walls,  curbs,  sidewalks,  cobble  ditch 
protection,  guide  and  danger  signs,  snow  fence,  etc.     This  data  is  per- 
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FiG.   179. — Concrete-wooden  guide  rail  (New  York  State  1922).     This  type  is  a  warning 

rail  only. 

haps  out  of  place  in  a  book  of  this  character  but  incidental  information 
is  useful  in  emergencies  and  gives  the  student  some  idea  of  current 
practice  in  minor  details. 
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Iron Pin.g'Dlam^  Slonq-' 
Fig.   180.^ — Wooden  guide  rail  (New.  York  State  1921).     This  type  is  a  warning  rail  only. 

Guard  Rail. — Guard  rail  serves  two  purposes,  to  warn  and  to  protect. 
If  protection  is  essential  at  really  dangerous  points  a  soHd  retaining  wall 
is  desirable.  Most  types  of  so  called  guard  rail  serve  more  in  the  nature 
of  a  warning  than  as  an  actual  protection.     Wooden  structures  require 
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continual  maintenanco  and  for  this  reason  concrete  posts,  rail  and  steel 
cable  have  been  used  on  the  score  of  reducing  the  necessitj^  of  continual 
repair.     Figures  179  to  184  show  usual  types. 

Retaining  Walls. — In  unusual  cases  retaining  walls  are  needed  in 
road  construction.     Plain  or  reinforced  concrete  walls  are  generally  used, 


Fig.    181. — Typical  wooden  guide  rail. 

the  selection  depending  upon  the  relative  cost.  The  plain  concrete 
wall  is  considered  the  best  type  for  heights  up  to  12  ft.;  the  reinforced 
cantilever  form  from  12  to  18  ft.  and  above  18  ft.  the  buttressed  design. 


(Single  Kail    '  ;<p 

fences  should  "^ 

beati-Lower  .^ 

than  DoubleRail  "^ 


]n  ''      Reinforceme 

''Hesh 
Reinforcement 


Fig.  182. — Typical  reinforced  concrete  rail  with  post  anchor  blocks, 
some  real  protection  as  well  as  acting  as  a  warning. 


This  type  gives 


Standard  Practice  for  the  plain  and  reinforced  cantilever  types  follow. 
The  necessity  for  walls  higher  than  18  ft.  is  very  rare.  For  the  design  of 
buttressed  walls  the  reader  is  referred  to  the  standard  works  of  reinforced 
concrete. 

31 
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Retaining  walls  are  usually  built  in  monolithic  sections  of  20  to  25  ft. 
in  length;  expansion  joints  are  provided  between  these  sections.  The 
expansion  joints  may  consist  s'mply  of  a  plane  of  weakness  between  the 


Fig.   183. — Photograph  of  rail  shown  in  Fig.  182. 
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Fig.    184. — Cable  guard  rail.      This  type  gives  some  protection. 


sections  produced  by  allowing  one  section  to  set  before  building  the  adja- 
cent wall,  or  it  may  be  a  key  joint  as  shown  in  Fig.  188  and  the  plane  of 
separation  may  be  made  more  pronounced  by  coating  the  concrete  with 
a  thin  layer  of  asphaltum  or  pitch. 
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Fig.    185. — Example  of  high   class  retaining  wall  and  guard  wall.      This  is  a  real  protection. 
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Fig.   186. — New  York  State  retaining  walls. 


*  In  each  set  of 3 bars  instern,the  first  bar 
which  IS  of  the  length  given  extends  to  top 
of  wall;  the  second  bar  exTends  to  height 
%  Hj  and  the  third  bar  extends  foheyfit  jf^H 

'en  igpe  G  "wall is  used  above  the  roadway  as 
a  bank  wall  the  height  "H"6hall  noteiceedZO'and 
the  distance  "X  "shell I  not  be  less  than  ?  'for 
heights  less  than  lO'andnotlessthan  0.2 H  for 
heights  greater  than  10'. 
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Reinforcing  Steel  Bars  of  Deformed  Section  (Fig   186) 
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4M 

22-  3 

0.785 
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9-  7 
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1  In  each  set  of  3  bars  in  stem,  first  bar  which  is  of  length  given,  extends  to  top  of 
wall,  second  bar  to  height  %H,  third  bar  to  height  HH. 

When  Type  W  is  used  as  a  bank  wall  (that  is,  above  the  roadway),  max.  H  - 
20  ft,;  min.  X  =  2  ft.  for  i^  of  5  to  10  ft.;  and  Q.2H  for  H  greater  than  10  ft. 

When  Type  W  is  used  as  a  sustaining  wall  (that  is,  below  the  roadway),  max. 
H  =  Vi  ft.;  and  min.  A'  =  3  ft.,  except  where  foundation  is  rock  or  entirely  below 
frost. 

When  Type  R  is  used  as  a  bank  wall,  max.  H  =  20  ft.;  min.  X  =  0.15//  for  H 
greater  than  10  ft. 

When  Type  R  is  used  as  a  sustaining  wall,  max.  H  =  13  ft.;  min.  A'  =  0.25// 
for  H  greater  than  10  ft. 


Plan. 
Key  Expaniion  Joint. 


Fig.   187.^ — Key  joints. 


Cement  and  Ory  Robbie. 

Fig.  188. — Pennsylvania  retaining  walls. 
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Retaining  Walls,  State  of  Pennsylvania  (Fig.  188) 
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Cement  Masonry. — Top  of  wall  not  less  than  1  ft.  6  in.,  2  ft.  0  in.  if  possible.  Face  battered;  back 
perpend  cular.     Weep  holes  with  blind  drain  in  wet  localities. 

Dry  Rubble. — Top  of  wall  not  less  than  2  ft.  0  in.  Face  battered;  back  perpendicular.  Courses 
perpendicular  to  face  batter.     Face  of  wall  pointed.     Weep  holes  with  blind  drain  in  wet  localities. 

Concrete. — Top  of  wall  not  less  than  1  ft.  6  in.  Face  battered  1:12;  back  battered  or  stepped. 
Weep  holes  with  blind  drain  in  wet  localities.     Expansion  joints  every  25  ft.  0  in. 

All  offsets  6  in.  Bottom  of  footing  below  frost  line.  (Depth  of  footing  at  least  3  ft.).  Back- 
filling done  with  acceptable  material  placed  in  layers  of  not  less  than  6  in.  and  thoroughly  rammed. 


Fig.   189. — Temporary  timber  cribbing  to  hold  .side  hill  fill  (Pioneer  roads). 

Repointing  Masonry  and  Refacing  Old  Walls. — Old  masonry  struc- 
tures can  often  be  used  complete  or  in  part  b}^  repointing  the  joints; 
they  should  be  cleaned  out  thoroughly  with  a  chisel  and  filled  flush  with 
a  1 : 1  Portland  cement  mortar. 

The  author  does  not  believe  in  facing  up  old  masonry  abutments 
or  walls  if  it  can  be  avoided;  however,  if  it  seenis  advisable,  because  of 
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shortage  of  funds,  the  old  joints  should  be  well  cleaned  out  and  hook 
dowels  used  as  shown  in  Fig.  190.  One  dowel  every  6  sq.  ft.  is  good 
practice. 

The  concrete  facing  should  be  at  least  12  in.  thick,  have  a  good  footing 
course  and  be  reinforced  to  prevent  settlement  and  temperature  cracks. 


Fig.   190. — Facing  old  masonry. 

Toe  Walls. — Toe  walls  are  nothing  more  than  low  retaining  walls  or 
very  substantial  curbs.  They  are  used  in  cuts  on  the  outside  of  the 
gutters  to  prevent  unstable  side  slopes  from  filling  the  gutters  or  heaving 
them  out  of  shape  by  sliding  pressure.  Figure  191  gives  a  section  of 
Eden  Valley  Hill  near  Buffalo,  N.  Y.  where  a  clay  quicksand  cut  was 
successfully  protected  in  this  manner. 


Brick  Gutter. 


Fig.   191. — Typical  toe  wall. 


Curbs. — Curbs  are  constructed  of  stone  and  of  concrete. 

Stone  Curbs. — The  cuts  given  show  the  methods  of  setting;  the 
size  of  curbstones  for  first-class  work  range  from  16  to  22  in.  in  depth, 
5  to  6  in.  in  thickness  and  3  to  5  ft.  in  length.  For  small  villages,  curb- 
stone of  4  in.  width  set  in  the  simplest  manner  shown,  is  satisfactory. 
The  stones  most  used  are  granites,  bluestones  of  New  York  State,  and  the 
tougher  sandstones  such  as  Medina,  Berea,  Kettle  River,  etc.  The 
prices  range  widely,  depending  on  the  locality  of  the  work. 

Curb  Radii. — A  good  radius  for  drives  is  4  ft.  For  right- angle  Main 
Street  intersections  13  ft.  For  acute  or  abtuse  angles  10  to  20  ft.  Figure 
193  shows  a  satisfactory  sidewalk  corner  layout  used  in  Rochester,  N.  Y, 
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Cobble  Gutters,  Brick  Gutters,  Ditch  Linings,  Etc. — Cobble  gutters 
are  used  to  protect  the  ditches  from  wash  on  steep  grades  and  at  entrances 
to  intersecting  roads  where  there  is  not  sufficient  headroom  for  a  culvert. 


Concrete  /-J-b 


','1  s?. :  .t; 


Corrcrek         K^-H  VpV 


-JW^- 


K 


,Ht 


Parou,4WMt^ 
f/f/in^q  X-^r>     ? 

2"Porous''  U^TjS+one 
Mm.  Curbing 


Concreh , 


hrous  Filling 
2" Porous  T/fe 


2"/?. 


2-2-y->\ 


> 


^orous  rilling) 


M 


TTTrfnTrrrT 


Type  A 
Concre+eCurbi 

/'^        „  :2"Wsep Holes 
'  ^&''^' where  ordered 
.■I  biiJr. 


2  Porous      Tupe  B 


inS-H^- 


Concre'^e  Curbing 


Macadam^. 
Corrcre-fe 


r  '/ 'i? :'r •;/>"  t"*!         Concrete  -, 


r-j^^j^_x         /-^/^-^CoT^cre+e  Edging 


SI'one  Header 


to  Sfreef/i^'. 


r  ■;,      .-I  ^i/  tnaineer    -,f^/5l<-  Simple  S+one  Curb 
rtifel    I         f)  For^Lish+Traffic  Village  5f reels 


^^^vA^'^^ 


->|/0[*-  ;  I y Sand' 

Concrehs  Base 
Simplest  Form  of  Concre'fe  Curb 

Fig.   192. — Typical  curb  details. 
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Fig.   193. — Typical  sidewalk  detail  and  curb  corner  layout  (Rochester,  N.  Y.). 


Also  at  the  entrances  to  private  property  where  the  grade  line  of  the 
ditch  might  be  badly  cut  by  vehicles. 

Where  cobblestones  are  not  available,  ordinary  building  brick  may 
be  used  or  No.  4  crushed  stone  as  shown  in  Fig.  194. 
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Catch  Basins. — Figure  195  shows  ordinary  rural  highway  catch  basins 
and  drop  inlets.  Figure  19QA  shows  a  satisfactory  curb  inlet  city  or 
village  catch  basin.  Catch  basins  are  to  be  avoided  on  rural  highways 
if  possible  as  the  grate  tends  to  clog  and  cause  ponding.  Where  they  are 
necessary  some  clear  opening  not  entirely  covered  by  the  grate  should 
be  provided. 

Guide  and  Danger  Signs. — Signs  add  to  the  convenience  and  safety 
of  travel.     Good  examples  of  Standard  Practice  are  shown  in  Figs.  198 


'■4-"5ar7d 
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'\<—--3'0"- > 
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or  SandJoints. 
Brick  Gutter. 


No.4  Crushed  Stone 
Ditth  Pmh>rtion. 


Fig.   194. — Typical  ditch  protections. 


and  199.  The  indiscriminate  use  of  danger  signs  is  inadvisable.  Their 
use  should  be  confined  to  actual  danger  conditions  and  they  should  be 
placed  so  that  headlights  at  night  will  show  them  up  in  ample  time. 

Trolley  Track  and  Crossing  Details. — Figure  200  gives  the  essentials 
of  elevation,  clearance  and  construction  details  where  tracks  are  an 
integral  part  of  the  pavement  design.  The  standard  shown  is  the  New 
Jersey  Practice. 

Monuments. — Figure  196F  Miscellaneous  Standards  gives  good 
practice  in  the  matter  of  Permanent  Street  Monuments.  The  same  type 
of  marker  6  in.  above  ground  makes  a  good  road  right-of-way  marker. 
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Cattle  Guards. — In  western  territory  ranch  owners  will  often  grant 
road  right-of-ways  for  a  nominal  sum  but  stipulate  that  the  right-of-way 
shall  not  be  fenced  as  it  would  cut  off  part  of  their  range  from  water. 
The  boundaries  of  these  ranges  are  generally  fenced  and  where  the  road 
passes  this  fence  a  gate  must  be  used  to  prevent  straying  of  cattle;  it  is 
more  or  less  of  a  nuisance  for  every  user  of  the  road  to  open  and  close  the 
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Fig.   195. — Typical  rural  highway  catch  basins. 


gate  and  generally  a  gap  is  left  in  the  fence  across  which  a  shallow  pit 
2  to  3  ft.  deep  is  dug  and  this  is  covered  with  a  slat  grating  which  cattle 
will  not  walk  but  which  can  be  driven  over  by  automobiles. 

Fences. — Ordinary  right-of-way  and  snow  fences  are  shown  in  Figs. 
202  and  203. 
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Fig.    196. — Typical  curb  inlet  catch  basin  (City  of  Rochester  Standard). 
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I-'iG.   196S. — Miscellaneous  Street  Standards  (City  of  Rochester).     Sewer  Trenches. 
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Fig.    196C. — Miscellaneous'Street  Standards  (City  of  Rochester).     Sewer  Trenches. 


MINOR  POINTS  OF  DESIGN 


493 


CrossSccfionof  Drii 


Cavity- . , 
5  Branch-. 

Brick  ■ 

E  Morhar-^^ 

4  "Vif.  Tile  h  Sewer-  - ' "  "     Min.  'Slope '^'per  ft 

^  Pave  me  nf  Grade       j^^ 

A 


Plan  of  Blind  HLfdrarrl- 

I        1  J-     I  c    i;       f  n  •  ^""'P  ^"  Trench 

LongiTUciinal  OGchon  OT  Unp 

, .,.,., ,.,.,. . ...  Hudrant-,., ,,  2  Wedges 
G  H,ydranf  Branchy 


"^Block 


Wedge 
'"-2  Morfar 
^■Pavemenf  Grade  j^g^E  FOR  WATER  PIPE  COVER 


Wai-er. 
Main 


2 Wedges  '',4  ^z/'A 
Block 


^NOTE I Paumen .^    ^ 
y  -^prlrencfiinj;^^^ 
~^\whendone  in    -il'^C; 
^  'con/ucfion  withJt\  ^\ 
local imnrov0T!gnA  t  C", 
contracTjWillbe  -^^ 
based  on  the  verficd]^  ^^ 
eclion  as  shown  bj/ 
the  standard plans]_ 
for  sewer  frenches 


Diame+er 
of  Pipe, in. 

Depfh  X 

4"to  I6"incl. 

4'-&" 

ZO" 

4'- 6" 

24" 

3'-0" 

30  and  36" 

3-0" 

Water  Mam 


-7rr^ 
Seciion  of  Trench  in  Rock 


Secfion  of  Trench  in  Earth 

NOTE'.- All  Trench  will  be  one  foof  wider 
at  the  bottom  than  the  internal  diameter  of  the  pipe 

Fig.   196Z). — Miscellaneous  Street  Standards  (City  of  Rochester). 
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Fig.   196F. — Miscellaneous  Street  Standards  (City  of  Rochester). 
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Fig.   196(?. — Miscellaneous  Street  Standards  (City  of  Rochester). 
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Fig.   198. — Guide  and  danger  signs  (New  York  State,  1923). 
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Fig.  199. — Excellent  type  of  danger  sign.  This  sign  however  did  not  prevent  accident. 
Note  the  broken  guard  rail  where  car  left  road  and  overturned  in  creek  seriously  injuring 
the  driver.  Radius  of  curvature  at  this  point  50  ft.  This  illustrates  the  fact  that  signs 
do  not  make  dangerous  alignment  safe.     The  checkerboard  type  of  border  is  very  effective. 
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Fig.  200. — Typical  car  track  sections  (State  of  New  Jersey,  1922). 
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Fig.  202. — A  good  standard  right-of-way  fence. 
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Fig.  203. — Snow  fence  detail. 
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CONCLUSION  OF  VOLUME 


This  book  completes  the  discussion  of  general  principles  of  highway 
design,  construction  and  maintenance.  The  effective  application  of 
these  general  principles  depends  on  the  actual  methods  used  in  every 
day  work  for  specific  roads. 

The  next  volume  will  take  up  a  discussion  of  detail  methods  of  survey, 
design,  estimating  and  construction.  The  essential  general  attitude 
in  regard  to  detail  methods  which  must  be  continually  borne  in  mind 
and  impressed  on  the  engineering  force  can  be  briefly  summarized  as 
follows : 

The  survey  work  must  be  accurate  and  complete  as  it  provides  the 
fundamental  information  for  the  design  and  the  accurate  estimate  and 
measurement  of  quantities.  Satisfactory  survey  work  will  range  in 
cost  from  $100  to  $400  per  mile  and  any  effort  to  cut  cost  below  that 
required  for  excellent  work  is  very  short  sighted  policy.  Careless  work 
is  often  done  in  order  to  cut  the  apparent  cost  of  engineering  but  it 
generally  adds  to  the  final  total  cost  and  is  unsatisfactory  to  both  engi- 
neers and  contractors. 

Effective  design  is  based  on  the  principle  of  the  preparation  of  altei'- 
nate  com-parative  designs  in  order  to  pick  the  most  suitable  or  economical 
solution.  By  the  use  of  this  method  of  alternate  designs  a  good  engineer 
will  reduce  construction  costs  at  least  10  to  20  per  cent  below  that 
obtained  by  the  usual  stereotyped  application  of  standards  with  little 
thought  to  the  local  problem.  First  class  office  design  costs  from  S150 
to  $400  per  mile  and  any  effort  to  cut  this  cost  below  the  amount  required 
for  thorough  design  is  poor  economy  as  we  know  from  experience  over 
twent}'  years  time. 

Estimates  of  quantities  should  he  liberal  in  order  to  avoid  the  necessity 
of  supplementary  agreements  during  the  progress  of  construction  but 
in  order  not  to  mislead  the  contractor  in  making  his  bid  it  is  necessary 
for  the  estimates  to  show  the  probable  minimum  amount  for  each  item 
with  a  statement  of  the  amount  allowed  for  contingencies.  Cost  esti- 
mates should  be  fairly  liberal.  They  should  never  be  below  an  amount 
which  will  insure  a  reasonable  profit  with  ordinarily  favorable  luck. 
This  matter  of  cost  is  very  important  as  a  poor  contract  price  is  almost 
certain  to  result  in  inferior  work  even  with  good  inspection  control. 

The  essential  of  construction  inspection  is  insistence  on  good  quality 
of  work  without  needless  interference  with  the  contractors  choice  of  methods. 
Construction  practice  is  the  most  essential  part  of  successful  highway 
programs  and  is  generally  the  poorest  managed  part  of  the  engineering 
program.  This  is  largely  due  to  the  policy  of  low  pay  for  field  engineers 
and  inspectors.  Under  this  general  policy  it  is  impossible  to  get  high 
grads  men  who   will  give  it  their  entire  undivided  attention,     low  grade 
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men  are  no  match  for  high  grade  contractors  or  even  well  paid  foremen 
and  the  results  are  often  not  very  creditable  to  the  inspection  force. 
Effective  supervision  of  construction  costs  from  $600  to  $1,000  per  mile 
and  any  effort  to  cut  cost  on  the  score  of  engineering  pay  roll  economy  is 
political  bunkum  and  very  poor  economic  policy. 

Lack  of  thoroughness  and  care  is  a  common  trait  which  shows  in 
extreme  form  in  public  works  programs.  It  is  most  certainly  desirable 
to  combat  this  tendency  which  is  very  well  illustrated  by  the  anecdote 
of  the  American  tourist  in  Spain  who  on  hearing  that  it  had  taken  500 
years  to  build  a  famous  cathedral  remarked,  "Well  in  God's  country 
where  I  come  from  we  could  build  one  of  those  things  and  have  it  fall 
down  on  us,  all  inside  of  five  years." 


APPENDICES 

MATERIALS  AND  TESTS 

APPENDIX  A 

Introductory  Note. — Appendix  A  is  essentially  a  reprint  of  the  chapter 
on  materials  from  Harger  and  Bonney's  "Highway  Handbook"  with 
some  additions  describing  recent  modifications  in  testing  methods. 
This  appendix  duplicates  a  small  amount  of  the  data  from  different 
chapters  but  has  not  been  rearranged  as  such  duplications  add  to  the 
ease  of  reference. 

Materials. — The  selection  of  materials  is  an  important  part  of  the 
design.  Most  municipal  and  State  Departments  have  well  equipped 
laboratories  for  testing  stone,  gravels,  brick,  bitumens,  cements,  etc. 
The  object  of  these  tests  is  to  determine  the  physical  and  chemical  proper- 
ties that  have  a  particular  bearing  on  the  action  of  the  materials  under 
construction  conditions.  While  these  conditions  are  not  attained  they 
are  approximated  and  by  a  comparison  of  the  laboratory  results  with 
the  actual  performance  of  the  different  materials  in  practice  a  relation 
can  be  established  that  is  useful  as  a  basis  for  judgment. 

We  are  greatly  indebted  to  H.  S.  Mattimore  and  J.  E.  Myers  who 
have  rearranged  and  brought  up  to  date  much  of  the  material  on  tests 
and  their  significance. 

This  appendix  gives  a  brief  statement  of  the  desirable  qualities  and 
the  tests  for : 

1.  Top  course,  macadam  stone. 

2.  Screenings. 

3.  Bottom  course,  macadam  stone. 

4.  Bottom  course  and  subbase  fillers. 

5.  Brick. 

6.  Bituminous  binders. 

7.  Cement. 

8.  Fine  aggregate  for  cement  or  asphaltic  concretes. 

9.  Coarse  aggregate  for  cement  concrete. 
10.  Sand  clay  and  gravel  tests. 

The  following  instructions  for  sampling  materials  are  quoted  from  the 
New  York  Manual: 

501 


502  RURAL  HIGHWAY  PAVEMENTS 

Sampling. — Amounts  of  material  required  for  laboratory  tests  are  as  follows: 
Samples  of  material  will  be  taken  by  a  duly  authorized  employee  of  the  Department, 
in  its  place  of  occurrence  or  manufacture  or  delivery  by  carrier.  These  samples  must  be 
taken  from  different  parts  of  the  lot  of  material  to  be  tested,  so  as  to  be  fairly  representative, 
and  must  be  unmixed  with  foreign  substances  and  placed  in  clean  and  safe  receptacles;  and 
they  must  conform  in  all  respects  to  the  requirements  given  under  the  special  headings. 
They  must  be  carefully  and  securely  packed,  enclosing  notification  slip  properly  protected 
from  wear  and  injury,  and  sent  by  express  "  collect"  to  the  "  Bureau  of  Tests,  State  Highway 
Commission,  Albany,  N.  Y."  a  postal  card  notice  being  mailed  at  the  same  time.  Envel- 
opes, scoops,  cans,  thermometers,  etc.  for  use  in  taking  the  samples,  may  be  had  from  the 
Bureau  of  Finance  and  Audit  at  Albany. 

In  the  case  of  materials  sampled  at  place  of  manufacture,  check  samples  may  be 
required;  these  are  to  be  taken  and  treated  the  same  as  ordinary  samples,  except  that  the 
packages  must  be  marked  "Check  Samples,"  and  the  use  of  the  material  needed  not  be 
prohibited  pending  the  results  of  the  check  tests. 

Sand  and  Gravel. — The  character  of  the  supply,  whether  from  stream  bed,  bank, 
crusher  bins,  etc.,  is  to  be  stated;  also  the  use  for  which  it  is  intended,  whether  for  con- 
crete foundations  or  other  structures,  binder  for  waterbound  macadam,  filler  or  wearing 
carpet  or  blotter  for  bituminous  macadam,  or  for  aggregate  in  waterbound  or  bituminous 
macadam,  etc. 

Material  which  will  all  pass  through  a  J-^-in.  screen  will  be  considered  sand.  Each 
sample  of  sand  or  screenings  shall  be  ^^  cu.  ft.  in  volume;  of  gravel  ij'^  cu.  ft. 

A  small  sample  shall  be  taken  from  each  test  sample  sent,  and  be  kept  on  the  contract 
as  a  measure  of  the  quality  of  material. 

Each  sample  is  to  be  shipped  in  a  tight  box  or  in  a  clean,  closely  woven  bag  from  which 
there  will  be  no  leakage;  the  usual  identification  slip  is  to  be  enclosed.  In  numbering  sam- 
ples, sand  and  gravel  are  to  be  treated  as  one  material,  not  as  two. 

Notification  of  acceptance  or  rejection  may  be  expected  to  arrive  at  the  Division  office 
20  days  after  the  submission  of  the  samples  and  data,  providing  the  need  of  a  retest  does 
not  cause  delay. 

Cement. — One  sample  is  to  be  taken  from  at  least  every  10  bbl.  or  every  40  bags,  care 
being  taken  to  properly  distribute  the  sampling  over  the  lot.  Each  sample  shall  be  not 
less  than  27  cu.  in.  in  volume  or  enough  to  fill  a  3-in.  cube.  Whenever  possible,  samples 
should  be  forwarded  in  envelopes  furnished  by  the  Commission  for  that  purpose,  the  envel- 
opes being  filled  to  the  line  marked  thereon. 

The  individual  samples  are  not  to  be  numbered,  but  each  group  or  lot  of  these  samples 
representing  a  single  boat  load  or  car  load  is  to  be  given  a  lot  number,  and  these  lot  numbers 
are  to  run  consecutively.  Not  more  than  one  boat  load  or  car  load  is  to  be  represented  bj. 
1  lot  number. 

Receipt  of  notification  of  acceptance  or  rejection  of  cement  sampled  at  destination  may 
be  expected  to  arrive  at  the  Division  Engineer's  office  12  days  after  the  submission  of 
the  samples  and  data.  If  cement  is  held  for  28-day  tests  the  Division  Engineer  will  be 
notified  accordingly. 

Concrete. — The  concrete  on  each  highway  must  be  sampled  for  testing,  the  samples 
being  taken  at  random  from  the  batches  used  and  being  molded  at  the  place  and  time  of 
mixing.     The  work  need  not  be  delayed  pending  the  results  of  the  tests. 

Each  sample  shall  be  a  pair  of  cubes  measuring  6  in.  on  the  edge  or  of  cylinders  8  in.  in 
diameter  and  16  in.  long;  the  sample  is  to  be  made  in  such  manner  as  to  fairly  represent  the 
concrete  going  into  the  structure.  At  least  one  sample  is  to  be  taken,  and  as  many  more 
as  seem  to  be  required  by  changes  in  the  character  of  any  ingredient  or  by  any  other 
consideration. 

In  concrete  pavement  work  (whether  foundation  or  top  course)  1  pair  of  cubes  or 
cylinders  should  be  sent  for  every.  500  cu.  yd.  Not  less  than  two  pairs  are  to  be  sent,  how- 
ever small  the  pavement. 

The  sample  must  remain  in  the  mold  two  days,  then  be  buried  in  clean  sand  to  age  under 
the  same  conditions  as  the  materia!  in  the  structure.  On  the  twenty-first  day  the  samples 
shall  be  taken  out  and  shipped. 

Each  sample  is  to  have  its  number  painted  on  each  piece,  and  is  to  be  shipped  in  a  box, 
properly  protected  from  breakage  and  surface  chipping,  accompanied  by  the  usual  included 
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identification  slip  and  the  postal  notification.  Especially  mnst  the  class  of  concrete,  the 
purpose  for  which  it  is  used  (kind  of  structure  and  portion),  and  the  date  and  time  of  day 
when  sample  was  mixed,  he  stated. 

Bituminous  Material.— When  material  is  shipped  in  barrels  one  sample  is  to  he  taken  for 
every  20  or  25  bbl.,  the  sampling  being  properly  distributed  over  the  lot. 

When  material  is  shipped  in  tank  cars  one  sample  is  to  be  taken  from  every  2,000  or 
2,500  gal.  the  samples  being  taken  from  equally  distributed  levels  in  the  car:  * 

When  mineral  bitumen  is  shipped  in  loose  bulk,  one  sample  is  to  be  taken  for  every  5  or 
6  tons,  the  samples  being  taken  from  different  levels  and  different  locations  in  the  lot  and 
never  from  the  surface  of  the  material. 

Each  sample  shall  be  not  less  than  14  cu.  in.  in  volume,  which  volume  is  slightly  less 
than  3^2  Pt-  or  about  the  size  of  a  1-lb.  paint  can. 

It  should  be  remembered  that  the  bituminous  material  will  flow  at  summer  temperature 
or  thereabouts,  and  consequently  great  care  should  be  used  in  sealing  cans  and  doing  up 
packages.  Whenever  possible,  samples  should  be  forwarded  in  the  cans  furnished  by  the 
Commission  for  the  purpose. 

The  individual  samples  are  not  to  be  numbered,  but  each  group  or  lot  representing  a 
single  boat  load  or  car  load  is  to  be  given  a  lot  number,  and  these  lot  numbers  are  to  run 
consecutively;  not  more  than  one  boat  load  or  car  load  of  material  is  to  be  represented  by 
one  lot  number. 

In  order  to  check  the  weighing  and  marking  of  bituminous  material  shipped  in  barrels, 
one  unopened  barrel  out  of  every  car  load  of  approximately  65  bbl.,  or  a  proportionate  num- 
ber of  barrels  for  each  boat  load,  is  to  be  selected  at  random  and  weighed.  The  gross  weight 
found,  and  the  gross  weight  marked  on  the  barrel,  are  to  be  entered  on  the  Monthly 
Bituminous  Material  Reports  or  the  information  may  be  recorded  elsewhere  and  submitted 
to  the  Bureau  of  Tests.  Any  noticeable  difference  between  the  gallonage  marked  on  a 
barrel  and  the  gallonage  found  therein,  must  be  reported  to  the  Headquarters  office  at 
Albany. 

The  unit  of  measure  for  bituminous  material  is  the  gallon  measured  at  the  temperature 
of  60°F.  If  the  volume  of  material  is  measured  when  hot,  allowance  should  be  made  for 
expansion  according  to  the  following  table,  which  will  apply  appro-ximately  to  all  of  the 
different  classes  of  bituminous  material  at  present  u.sed  on  the  State  highways: 

Increase  in  volume  of  various  classes  of  bituminous  material  when  heated  from  fi0°F. 

To  400°F.  is  approximately  12  per  cent. 
To  350°F.  is  approximately  10  per  cent. 
To  300°F.  is  approximately  8  per  cent. 
To  250°F.  is  approximately  6  per  cent. 
To  200°F.  is  approximately  4  per  cent. 
To  150°F.  is  approximately    2  per  cent. 

Stone. — Rotten  or  partially  disintegrated  stone,  or  weathered  specimens  from  the  sur- 
face of  a  quarry  or  ledge,  are  not  to  be  submitted. 

Samples  of  quarry  or  ledge  stone  must  be  representative  of  the  sound,  fresh,  interior 
stone  of  the  ledge  or  quarry.  Such  samples  may  be  secured  either  by  blasting  or  by  break- 
ing up  with  the  sledge.  If  all  material  is  of  the  same  variety,  texture,  etc.,  one  sample  will 
suffice.  If,  however,  there  are  different  varieties  separate  samples  are  to  be  taken  of  each 
and  report  made  as  to  the  extent,  giving  details  as  to  location  and  position  for  use. 

All  field  stone,  whether  in  walls,  piles,  or  scattered  over  the  ground,  which  might  be 
used,  must  be  examined  and  a  representative  sample  taken.  When  two  or  more  varieties 
of  great  difference  in  quality  or  texture  are  observed  to  exist,  separate  samples  are  to  be 
taken  of  each,  and  report  made  as  to  the  percentage  of  each  kind,  the  amount  of  small 
stone  which  might  run  through  the  crusher  without  action,  and  the  percentage  of  dis- 
integrated or  badly  weathered  rock  present. 

In  taking  samples  from  the  output  of  crushers,  15  lb.  of  crushed  material  not 
smaller  then  ij'^  in.  in  size  shall  be  taken,  and  also  one  piece  at  least  3  X  4  X  5  in.  shall 
be  procured  from  the  source  of  supply. 

Each  sample  shall  weigh  not  less  than  25  lb.  nor  more  than  35  lb.  If  the  entire  sample 
submitted  is  a  single  piece  of  stone,  it  should  be  remembered  that  a  piece  about  the  size 
of  a  man's  head  will  weigh  25  or  30  lb.      While  not  less  than  25  lb.  are  absolutely  necessary 
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in  each  sample,  care  should  be  taken  to  see  that  the  samples  do  not  weigh  over  35  lb.  One 
piece  of  each  sample  shall  be  at  least  3  by  4  by  5  in. 

Each  sample  is  to  be  given  a  number  running  consecutively  in  each  Division.  This 
number  must  contain  both  the  Di\asion  number  and  the  sample  number;  thus,  Sample  42 
from  Division  1  would  be  marked  "  1-42."  Paint  or  Higgins'  drawing  ink  may  be  used  to 
mark  directly  on  the  sample,  or  a  label  or  tag  may  be  securely  fastened  thereto. 

Sample's  may  be  shipped  in  boxes,  burlap,  grain  bags,  cement  bags,  etc.  It  is  preferred 
that  stone  be  shipped  in  a  strong  bag  or  in  a  double  bag  which  may  be  formed  by  placing 
1  bag  inside  of  another.  If  shipping  in  a  single  bag  which  the  sample  only  partially  fills, 
the  bag  should  be  securely  tied  just  above  the  sample  and  the  remaining  unfilled  part  of 
the  bag  folded  back  so  as  to  completely  envelop  the  stone  and  the  portion  of  the  bag  con- 
taining it;  this  folded  back  part  should  then  be  securely  tied  on  the  other  side  of  the  sample; 
this  makes  a  tying  of  the  bag  on  two  sides  of  the  .stone,  and  permits  two  thicknesses  of  the 
bag  to  completely  surround  the  stone,  and  if  securely  tied  is  as  satisfactory  as  a  double  bag. 

Receipt  of  notification  of  acceptance  or  rejection  of  stone  may  be  expected  to  arrive 
at  the  Division  Engineer's  office  12  days  after  the  submission  of  the  samples  and  data, 
provided  acceptance  or  rejection  is  not  deferred  awaiting  a  retest. 

The  location  of  source  of  supply  is  to  be  expessed  by  an  index  number  according  to  the 
system  used  in  the  Government  Office  at  Washington,  which  is,  that  each  quadrangle  of  the 
U.  S.  Geological  Survey  Sheet  is  di\'ided  into  nine  sections  numbered  from  1  to  9  inclusive, 
as  shown  in  the  following  plan: 

12  3 
4  5  6 
7         8         9 

The  north  and  south  sides  of  each  section  are  then  divided  into  22  spaces  designated  from 
A  to  V  and  the  east  and  west  sides  into  32  spaces  designated  1  to  32,  so  that  the  location 
of  the  stone  may  be  closely  defined,  as  for  example.  Quadrangle  Albany,  Section  7,  Letter 
J,  Number  13,  which  when  abbreviated  would  read  "  Albany-7-J-13." 

Paving  Brick. — A  sufficient  number  of  samples  in  every  case  is  to  be  taken  to  insure  the 
use  of  brick  of  proper  quality,  but  it  should  also  be  borne  in  mind  that  the  charges  for 
transportation  and  testing  of  brick  are  high,  and  only  the  smallest  number  of  samples 
necessary  for  the  purpose  should  be  submitted.  At  least  1  sample  is  to  be  taken  from  every 
200,000  brick  or  less.     Each  sample  shall  consist  of  30  bricks. 

If  in  a  shipment  or  several  shipments  of  the  same  make  and  kind  of  brick  there  appear 
to  be  different  classes  of  brick — ^such  as  brick  of  different  degrees  of  burning,  for  example — 
a  full  sample  of  each  class  is  to  be  taken. 

Each  brick  selected  for  the  sample  is  to  be  free  from  cracks  or  other  defects  which  would 
prevent  its  passing  inspection  at  the  road,  for  the  sample  must  represent  bricks  which  will 
not  be  culled  out.  Especially  is  it  forbidden  that  any  person  financially  interested  in  the 
manufacture  or  use  of  brick  be  present  when  samples  are  taken. 

Each  sample  (consisting  of  30  bricks)  shall  receive  a  number,  the  numbers  to  run  con- 
secutively for  each  road. 

The  sample  shall  be  shipped  in  wooden  boxes,  not  more  than  10  or  12  bricks  being  put 
in  1  box  on  account  of  weight  and  strength  of  package. 

Notification  of  acceptance  or  rejection  of  brick  sampled  at  destination  may  be  expected 
to  arrive  at  the  Division  Engineer's  office  9  days  after  submission  of  samples  and  data, 
providing  the  need  of  a  retest  does  not  cause  delay. 

Asphalt  Block. — A  sufficient  number  of  samples  in  every  case  is  to  be  taken  to  insure  the 
use  of  block  of  proper  quality,  but  it  should  also  be  borne  in  mind  that  transportation  and 
testing  costs  are  high,  and  only  the  smallest  number  of  samples  necessary  should  be  sub- 
mitted. At  least  1  sample  is  to  be  taken  from  every  100,000  blocks  or  less.  Each  sample 
shall  consist  of  two  blocks. 

If  in  a  shipment  or  several  shipments  of  the  same  make  and  kind  of  block  there  appear 
to  be  different  classes  of  block,  a  full  sample  of  each  class  is  to  be  taken. 

Each  block  selected  for  the  sample  is  to  be  free  from  every  defect  that  would  prevent  its 
passing  inspection  at  the  road,  for  the  sample  must  represent  blocks  which  will  not  be  culled 
out. 
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Each  sample  (consisting  of  two  blocks)  shall  receive  a  number,  the  numbers  to  run  con- 
secutively for  each  road. 

The  sample  shall  be  shipped  in  a  wooden  box,  with  usual  identification  card  and  postal 
notice. 

Notification  of  acceptance  or  rejection  of  block  sampled  at  destination  may  be  expected 
to  reach  the  Division  Engineer's  office  14  days  after  submission  of  samples  and  data,  pro- 
viding the  need  of  a  retest  does  not  cause  delay. 

Acceptance. — Upon  completion  of  the  testing  of  any  set  of  samples  the  Division  Engin- 
eer is  notified  of  the  acceptance  or  rejection  of  the  material,  arid  transmits  the  statement  to 
the  engineer  in  charge  of  the  contract. 

STONE  FOR  THE  SURFACING  OF  MACADAM  ROADS 

Stone  for  use  in  the  surfacing  of  a  macadam  road  should  be  hard  and 
tough  to  withstand  the  abrasive  action  of  team  traffic  and  the  vibratory 
action  of  high-speed  motor  vehicles  and  should  not  contain  any  minerals 
that  are  hkely  to  disintegrate  rapidly  under  influence  of  weather 
conditions. 

To  determine  the  relative  hardness,  toughness  and  power  to  resist 
abrasive  and  impact  action  of  traffic,  stones  are  subjected  to  the  following 
tests : 

1.  Abrasion. 

2.  Hardness. 

3.  Toughness. 

4.  Specific  gravity. 
Absorption. 
Fracture. 
Geological  classification. 

Abrasion  Test.' — The  machine  .shall  consist  of  1  or  more  hollow  iron  cylinders;  closed 
at  one  end  and  furnished  with  a  tightly  fitting  iron  cover  at  the  other;  the  cylinders  to  be  20 
cm.  in  diameter  and  54  cm.  in  depth,  inside.  These  cylinders  are  to  be  mounted  on  a  shaft 
at  an  angle  of  30  deg.  with  the  axis  of  rotation  of  the  shaft. 


5. 
6. 

7. 


Fig.  204. — Deval  rattler. 

At  least  30  lb.  of  coarsely  broken  stone  shall  be  available  for  a  test.  The  rock  to  be 
tested  shall  be  broken  in  pieces  as  nearly  uniform  in  size  as  possible,  and  as  nearly  50 
pieces  as  possible  shall  constitute  a  test  sample.  The  total  weight  of  rock  in  a  test  shall 
be  within  10  g.  of  5  kg. 

All  test  pieces  shall  be  washed  and  thoroughly  dried  before  weighing.  Ten  thousand 
revolutions,  at  the  rate  of  between  30  and  33  per  minute,  shall  constitute  a  test.  Only  the 
percentage  of  materials  worn  ofT  which  will  pass  through  a  0.16-cm.  (f-fe-in.)  mesh  sieve 
shall  be  considered  in  determining  the  amount  of  wear.  This  may  be  expressed  either  as 
the  percentage  of  the  5  kg.  used  in  the  test,  or  the  French  coefficient,  which  is  in  more  general 

20       400       ,  .      ,  .  ^    . 

use,  may  be  given;  that  is,  coefficient  of  wear  =  20  X  —  = ,  where  w  is  the  weight  in 

grams  of  the  detritus  under  0.16  cm.  (^'{e  ^^■)  in  size  per  kilogram  of  rock  used. 
1  American  Society  of  Testing  Materials. 
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Conversion  Table  Per  Cent  of  Wear  to  French  Coefficient 


French  coefficient 

Per    cent   of   wear 

French  coefficient 

Per  cent  of  wear 

20.0 
13.3 
10.0 

2 
3 

4 

8.0 
6.7 
5.7 

5 
6 

7 

Hardness. — Hardness  is  determined  by  a  Dorry  machine.  A  stone  cylinder  25  cm.  in 
diameter,  obtained  by  a  diamond  core  drill  from  the  material  to  be  tested,  is  weighed  and 
placed  in  the  machine  so  that  one  end  rests  on  a  horizontal  cast-iron  grinding  disk  with  a  pres- 
sure of  25  g.  per  square  centimeter.  The  disk  is  revolved  1,000  times  during  which  standard 
crushed  quartz  sand  about  \]/2  mm.  in  diameter  is  automatically  fed  to  it.  The  cylinder 
is  then  removed  and  weighed  and  the  coefficient  of  hardness  obtained  by  the  formula  20 — 3"^ 
the  loss  in  weight,  expressed  in  grams.  In  order  to  get  reliable  results  two  cylinders  are 
generally  used,  each  one  being  reversed  end  for  end  during  the  test. 

Test  for  Toughness.' — (1)  Test  pieces  may  be  either  cylinders  or  cubes,  25  mm.  in 
diameter  and  25  mm.  in  height,  cut  perpendicular  to  the  cleavage  of  the  rock,  Cylinders 
are  recommended  as  they  are  cheaper  and  more  easily  made. 

2.  The  testing  machine  shall  consist  of  an  anvil  of  5  kg.  weight,  placed  on  a  concrete 
foundation.  The  hammer  shall  be  of  2  kg.  weight,  and  dropped  upon  an  intervening 
plunger  of  1  kg.  weight,  which  rests  on  the  test  piece.  The  lower  or  bear-surface  of  this 
plunger  shall  be  of  spherical  shape  having  a  radius  of  1  cm.  This  plunger  shall  be  made  of 
hardened  steel,  and  pressed  firmly  upon  the  test  piece  by  suitable  springs.  The  test 
piece  shall  be  adjusted,  so  that  the  center  of  its  upper  surface  is  tangent  to  the  spherical 
end  of  the  plunger. 

3.  The  test  shall  consist  of  a  1  cm.  fall  of  the  hammer  for  the  first  blow,  and  an  increased 
fall  of  1  cm.  for  each  succeeding  blow  until  failure  of  the  test  piece  occurs.  The  number  of 
blows  necessary  to  destroy  the  test  piece  is  used  to  represent  the  toughness,  or  the  centi- 
meter-grams of  energy  applied  may  be  used. 

Determination  of  the  Apparent  Specific  Gravity  of  Rock.^ — The  apparent  specific  gravity 
of  rock  shall  be  determined  by  the  following  method:  First,  a  sample  weighing  between  29 
and  31  g.  and  approximately  cubical  in  shape  shall  be  dried  in  a  closed  oven  for  1  hour 
at  a  temperature  of  110°C.  (230°F.)  and  then  cooled  in  a  desiccator  for  1  hour;  second,  the 
sample  shall  be  rapidly  weighed  in  air;  third,  trial  weighings  in  air  and  in  water  of  another 
sample  of  approximately  the  same  size  shall  be  made  in  order  to  determine  the  approximate 
loss  in  weight  on  immersion;  fourth,  after  the  balances  shall  have  been  set  at  the  calculated 
weight,  the  first  sample  shall  be  weighed  as  quickly  as  practicable  in  distilled  water  having 
a  temperature  of  ii5°C.  (77°F.) ;  fifth,  the  apparent  specific  gravity  of  the  sample  shall  be 
calculated  by  the  following  formula: 

W 

Apparent  specific  gravity  =  „^       „.  in  which  W  =  the  weight  in  grams  of  the  sample 

in  air  and  T^'i  =  the  weight  in  grams  of  the  sample  in  water  just  after  immersion. 

Finally,  the  apparent  specific  gravity  of  the  rock  shall  be  the  average  of  three  determi- 
nations, made  on  three  different  samples  according  to  the  method  above  described. 

Determination  of  the  Absorption  of  Water  per  Cubic  Foot  of  Rock.' — The  absorption 
of  water  per  cubic  foot  of  rock  shall  be  determined  by  the  following  method:  First,  a 
sample  weighing  between  29  and  31  g.  and  approximately  cubical  in  shape  shall  be  dried  in  a 
closed  oven  for  1  hour  at  a  temperature  of  110°C.  (230°F.)  and  then  cooled  in  a  desiccator 
for  1  hour;  second,  the  sample  shall  be  rapidly  weighed  in  air;  third,  trial  weighings  in  air 
and  in  water  of  another  sample  of  approximately  the  same  size  shall  be  made  in  order  to 
determine  the  approximate  loss  in  weight  on  immersion;  fourth,  after  the  balances  shall 
have  been  set  at  the  calculated  weight,  the  first  sample  shall  be  weighed  as  quickly  as  pos- 
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sible  in  distilled  water  having  a  temperature  of  25°C.  (77°F.) ;  fifth,  allow  the  sample  to 
remain  48  hours  in  distilled  water  maintained  as  nearly  as  practicable  at  25°C.  (77°F.)  at 
the  termination  of  which  time  bring  the  water  to  exactly  this  temperature  and  weigh  the 
sample  while  immersed  in  it;  sixth,  the  number  of  pounds  of  water  absorbed  per  cubic 
foot  of  the  sample  shall  be  calculated  by  the  following  formula: 

W2  -  Wi 


Pounds  of  water  absorbed  per  cubic  foot 


X  62.24  in  which  W  =  the  weight 


W  -  Wi 

in  grams  of  sample  in  air,  Wi  =  the  weight  in  grams  of  sample  in  water  just  after  immersion, 
TT'2  =  the  weight  in  grams  of  sample  in  water  after  48  hours  immersion,  and  62.24  =  the 
weight  in  pounds  of  a  cubic  foot  of  distilled  water  having  a  temperature  of  25°C.  (77°F.). 

Finally,  the  absorption  of  water  per  cubic  foot  of  the  rock,  in  pounds,  shall  be  the  aver- 
age of  three  determinations  made  on  three  different  samples  according  to  the  method  above 
described. 

Fracture. — Stone  suitable  for  road  work  should  crush  in  cubical  shapes  rather  than  in 
thin,  flat  pieces  and  preferably  with  rough,  jagged  fracture  that  it  may  interlock  firmly 
under  action  of  the  roller. 

Geological  Classification.- — The  geological  classification  is  determined  from  an  exami- 
nation with  a  microscope  or  powerful  hand  glass,  and  a  consideration  of  its  origin.  Great 
refinements  are  avoided  as  the  general  classification  is  all  that  is  necessary  to  the  highway 
engineer  after  the  physical  qualities  are  ascertained  by  test. 


Table  44. — Geological  Classification 


Class 


Type 


Family 


I.  Igneous 


II.  Sedimentary 


III.  Metamorphic 


1.  Intrusive 
(plutonic) 


2.  Extrusive 
(volcanic) 


1.  Calcareous 


2.  Siliceous 


1.  -Foliated 


2.  Nonfoliated 


a.  Granite 

b.  Syenite 

c.  Diorite 

d.  Gabbro 

e.  Peridotite 

a.  Rhyolite 

b.  Trachyte 

c.  Andesite 

d.  Basalt  and  diabase 

a.  Limestone 

b.  Dolomite 

a.  Shale 

b.  Sandstone 

c.  Chert  (flint) 

a.  Gneiss 

b.  Schist 

c.  Amphibolite 

a.  Slate 

b.  Quartzite 

c.  Eclogite 

d.  Marble 


BvlUtin  31,  U.  S.  Bureau  of  Pulilic  lloads. 
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Cost  of  Tests. — The  cost  of  collecting  and  testing  stone  as  given  in  the  1909  Report  of 
the  New  York  State  Department  of  Highways  is  $8.55  per  sample. 
The  following  tables  show  tests  on  the  more  common  rocks: 

Table  44A. — Taken  from  Bulletin  31,  United  States  Office  of  Public 

Roads 


Rock  varieties 


Per  cent 1 
wear 


Tough- 
ness 


Hard- 
ness 


Cement- 
ing value 


Granite 

Biotite-granite , 

Hornblende-granite . 

Augite-syenite 

Diorite 

Augite-diorite 

Gabbro 

Peridotite 


Rhyolite 

Andesite 

Fresh  basalt. . . . 
Altered  basalt . . 
Fresh  diabase.  . 
Altered  diabase. 


Limestone 

Dolomite 

Sandstone 

Feldspathic  sandstone. 
Calcareous  sandstone. 
Chert 


Granite-gneiss 

Hornblende-gneiss . 

Biotite-gneiss 

Mica-schist 

Biotite-schist 

Chlorite-schist .... 
Hornblende-schist . 
Amphibolite 


Slate 

Quartzite 

Feldspathic  quartzite. 
Pyroxene  quartzite . . . 

Eclogite 

Epodosite 


3.5 

15 

18.1 

4.4 

10 

16.8 

2.6 

21 

18.3 

2.6 

10 

18.4 

2.9 

21 

18.1 

2.8 

19 

17.7 

2.8 

16 

17.9 

4.0 

12 

15.2 

3.7 

20 

17.8 

4.7 

11 

13.7 

3.3 

23 

17.1 

5.3 

17 

15.6 

2.0 

30 

18.2 

2.5 

24 

17.5 

5.6 

10 

12.7 

5.7 

10 

14.8 

6.9 

26 

17.4 

3.3 

17 

15.3 

7.4 

15 

8.3 

10.8 

15 

19.4 

3.8 

12 

17.7 

3.7 

10 

17.1 

3.2 

19 

17.5 

4.4 

10 

17.8 

4.0 

4.2 

3.7 

21 

16.5 

2.9 

10 

19.0 

4.7 

12 

11.5 

2.9 

19 

18.4 

3.2 

17 

18.3 

2.3 

27 

18.6 

2.4 

31 

17.4 

3.6 

16 

16.0 

20 
17 
30 
24 
41 
55 
29 
28 

48 
189 
111 
239 

49 
156 

60 
42 
90 
119 
60 
27 

26 
30 
41 
30 
16 
24 
53 
29 

102 
17 
21 
17 
21 
47 


Note. — To  convert  per  cent  of  wear  to  French  coefficient,  see  Table  on  page 
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Table  44B. — From  Annual  Report  N.  Y.  State  Highway  Comm.   1914 


County 


Number 
of  com- 
plete 
tests 


Number 

of 

partial 

tests 

(no  core 
piece) 


Water 

Weight 

ab- 

French 

pounds 

sorbed, 

coeffi- 

Hard- 

per 

pounds 

cient  of 

ness 

cubic 

per 

abra- 

foot 

cubic 
foot 

sion 

Tough- 
ness 


Weighted 
value 


Calcareous  Sandstone 


Erie 

Saratoga 

Steuben 

Chnton 

Dutchess. .  .  . 

Essex 

Franklin 

Fulton 

Herkimer. . .  . 

Monroe 

Montgomery 

Niagara 

Saratoga 

St.  Lawrence 
Washington . 

Dutchess 

Herkimer . . .  . 
Montgomery 

Niagara 

St.  Lawrence 
Washington. 
Wayne 

Essex. . 
Warren 

Clinton 
Dutchess .... 

Essex 

Franklin .... 

Fulton 

Hamilton . . . 
Jefferson .... 

Lewis 

Orange 

Putnam 

Saratoga .... 
St.  Lawrence 

Warren , 

Washington . 
Westchester. 

Essex 

Franklin 

Hamilton ... 
Jefferson .... 

Lewis 

Oneida 

St.  Lawrence 
Warren 


167 

0.65 

9.5 

12.9 

13.4 

169 

0.31 

10.1 

15.9 

13.8 

162 

1.44 

9.4 

15.1 

13.1 

68 
76 
72 


Dolomite 


6 
4 
4 
4 
4 

17 

13 
8 

11 
8 

31 
6 


175 

0.41 

11.9 

15.8 

12.7 

1 

174 

0.43 

12.4 

17.3 

11.9 

173 

0.42 

13.5 

16.9 

15.8 

174 

0.51 

9.5 

14.9 

21.1 

176 

0.15 

11.8 

16.1 

14.4 

173 

0.67 

8.4 

13.1 

6.7 

2 

171 

1.07 

10.3 

14.8 

8.2 

174 

0.39 

10.6 

14.7 

11.3 

168 

1.50 

6.5 

14.0 

7.0 

174 

0.33 

8.6 

15.5 

9.2 

174 

0.65 

10.5 

15.7 

9.9 

175 

0.29 

10.7 

15.1 

10.5 

80 
84 
90 
70 
82 
58 
69 
73 
55 
66 
73 
73 


Dolomitic  Limestone 


29 

8 

12 

11 

26 

6 

7 

10 

7 

52 

30 

4 

37 


176 

0.46 

9.0 

14.9 

10.9 

170 

0.47 

11.3 

16.7 

8.2 

175 

0.41 

13.0 

15.8 

12.4 

166 

2.19 

9.5 

13.1 

7.8 

168 

0.38 

9.2 

16.8 

6.8 

175 

0.36 

13.7 

16.1 

10.8 

173 

0.59 

10.2 

15.5 

8.7 

185 

0.27 

10.5 

17.2 

11.3 

1 

172 

0.58 

7.0 

17.1 

9.1 

2 

176 

0.31 

8.4 

17.1 

8.1 

178 

0.50 

6.2 

16.1 

7.8 

1 

169 

0.25 

11.1 

17.8 

11.5 

173 

0.37 

8.2 

17.0 

5.8 

1 

171 

0.23 

11.1 

17.3 

12.0 

167 

0.27 

9.6 

17.9 

10.6 

179 

0.38 

7.1 

17.1 

6.4 

1 

172 

0.32 

8.5 

16.6 

7.5 

180 

0.20 

10.0 

17.0 

8.5 

172 

0.27 

9.7 

17.5 

10.2 

2 

173 

0.30 

7.5 

17.3 

6.5 

170 

0.29 

8.5 

17.1 

10.9 

2 

171 

0.39 

8.3 

16.9 

7.8 

68 
76 
83 
63 
68 
84 
71 


Gabbro 

Essex 1          46 

1 

176     1     0.29 
183      1     0.37 

7.6 
10.1 

17.3     1 
17.7      1 

6.9     1 
9.8     1 

64 

Warren |            4        | 

75 

Gneiss 

78 
64 
68 
59 
80 
64 
80 
75 
62 
66 
72 
74 
64 
71 
67 


Granite 


23 


6 
30 


171 

0.38 

7.5 

18.0 

5.1 

165 

0.31 

8.7 

17.9 

9.4 

165 

0.36 

9.9 

18.1 

9.0 

166 

0.23 

12.1 

18.4 

10.1 

166 

0.36 

10.9 

18.4 

9.2 

166 

0.13 

10.2 

18.9 

8.2 

165 

0.25 

9.9 

18.3 

8.1 

165 

0.45 

7.9 

17.9 

7.7 

64 
71 

75 
83 
79 
77 
74 
67 
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From  Annual  Report  N.  Y.  State  Highway  Comm.  1914 


County 


Number 
of  com- 
plete 

tests 


Number 

of 
partial 

tests 

(no  core 

piece) 


Weight, 

pounds 

per 

cubic 

foot 


Water 

ab- 
sorbed, 
pounds 

per 
cubic 

foot 


French 
coeffi- 
cient of 
abras- 
ion 


Hard- 
ness 


Tough- 
ness 


Weighted 
value 


Limestone 


Albany 

13 

7 

168 

0.60 

7.9 

14.3 

6.4 

59 

Cayuga 

34 

6 

170 

0.49 

8.8 

14.9 

7.8 

64 

14 
12 

2 

170 
170 

0.28 
0.28 

8.2 
9.1 

14.1 
15.3 

5.3 
9.2 

58 

Columbia 

67 

Erie 

9 

3 

167 

0.57 

8.1 

16.6 

8.3 

66 

Fulton 

6 

1 

168 

0.21 

7.7 

15.5 

6.5 

60 

Genesee 

6 

3 

169 

0.26 

8.0 

15.0 

8.2 

62 

Greene 

11 

169 

0.36 

11.1 

16.4 

8.9 

75 

Herkimer 

17 

9 

169 

0.26 

8.7 

14.8 

8.2 

64 

Jefferson 

105 

44 

169 

0.28 

7.6 

15.1 

6.4 

59 

Lewis 

26 

20 

169 

0.32 

6.9 

14.1 

6.2 

55 

Madison 

16 

1 

169 

0.23 

8.4 

14.7 

7.7 

62 

Monroe 

4 

168 

0.27 

8.1 

14.1 

7.4 

60 

Montgomery 

12 

2 

169 

0.24 

8.5 

15.3 

8.0 

64 

11 
31 

1 
19 

168 
169 

0.84 
0.29 

7.1 

7.8 

12.8 
13.8 

"6.5 
6.6 

53 

Oneida 

58 

Onondaga 

25 

1 

170 

0.38 

8.9 

15.7 

8.4 

67 

Ontario 

11 

169 

0.39 

10.2 

15.9 

10.2 

73 

Otsego 

7 

2 

169 

0.32 

8.1 

14.1 

6.3 

59 

Rensselaer 

4 

1 

171 

0.21 

7.5 

15.0 

5.3 

58 

Saratoga 

5 

170 

0.24 

8.7 

13.7 

7.0 

60 

Schoharie 

29 

2 

169 

0.34 

8.1 

14.9 

6.7 

61 

7 
12 

3 
3 

169 
170 

0.21 
0.25 

9.4 
8.1 

15.3 
15.6 

7.9 
7.4 

67 

Ulster 

63 

W  arren 

5 

170 

0.24 

8.9 

15.7 

7.4 

66 

Washington 

5 

3 

169 

0.34 

7.9 

15.5 

6,9 

62 

Marble 


Dutchess. 


178 


0.30     1        7.3      I      14.2      I        6.0      | 


Quartzite 


Columbia 

16 

168 

0.28 

16.5 

18.3 

17.1 

103 

Dutchess 

8 

2 

166 

0.36 

13.5 

18.8 

11.8 

90 

Rennsselaer 

10 

166 

0.49 

12.1 

18.7 

14.8 

89 

Washington 

12 

167 

0.40 

14.6 

18.9 

16.3 

98 

Sandstone 


Allegany 

Broome 

Cayuga 

Chenango 

8 

11 

4 

15 

14 

53 

8 

5 

6 

4 

8 

4 

5 

7 

8 

21 

5 

6 

4 

5 

22 

16 

30 

8 

7 

i 
1 

2 
1 

i 

3 

3 
4 

156 
165 
167 
164 
163 
167 
159 
157 
169 
160 
156 
160 
163 
158 
155 
162 
163 
165 
162 
165 
157 
159 
164 
166 
159 

2.10 
1.29 
1.16 
1.58 
0.71 
1.45 
2.10 
1.06 
0.62 
2.50 
1.46 
3.02 
2.15 
1.78 
2.18 
1.75 
0.36 
1.21 
2.14 
0.86 
2.79 
0.79 
1.26 
0.64 
2 .  54 

8.4 
7.8 
7.8 
8.7 

11.7 
7.0 
6.3 
9.7 
8.6 

10.9 
8.3 
8.8 
9.9 
9.0 

11.8 
8.4 

10.7 
9.4 
8.1 

11.0 
8.3 

10.0 
6.5 
8.0 
6.0 

13.4 
12.9 
12.1 
11.2 
18.5 
12.7 

5.1 
17.9 
14.5 
16.4 
16.2 

9.6 
13.9 
16.4 
14.4 
11.9 
18.0 
15.2 
11.6 
13.9 

9.3 
17.8 
14.9 
14.3 

5.1 

9.1 

10.5 

10.5 

10.4 

11.0 

8.5 

7.8 

7.1 

8.1 

10.7 

6.3 

8.8 

8.6 

8.2 

8.1 

9.6 

8.7 

11.7 

10.6 

15.8 

10.0 

7.2 

8.2 

8.1 

7.9 

61 
60 
58 
59 
83 

55 

Erie 

37 
72 

63 

76 

64 

Livingston 

54 
66 

Niagara 

68 
72 

59 

77 

Schoharie 

70 

58 

77 

54 

St.  Lawrence 

73 

58 

Ulster        

61 

Wyoming 

36 
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From  Annual  Report  N.  Y.  State  Highway  Comm.  1914. — Continued 


County 


Number 
of  com- 
plete 
tests 


Number 

of 
partial 

tests 
(no  core 

piece) 


Weight, 

pounds 

per 

cubic 

foot 

Water 

ab- 
sorbed, 
pounds 
per 
cubic 
foot 

French 
coefB- 
.cient  of 
abras- 
ion 

Hard- 
ness 

Tough- 
ness 

Weighted 
value 


Sandy  Grit 


Albany 

Columbia .  .  . . 

Dutchess 

Greene 

Montgomery. 
Rensselaer .  .  . 

Saratoga 

Schenectady. 
Ulster 


12 
10 
13 

4 
10 

5 
4 

7 


167 

0.75 

7.5 

13.2 

7.2 

168 

0.32 

10.7 

15.9 

11.7 

168 

0.57 

8.1 

16.2 

11.5 

169 

0.48 

7.1 

15.6 

9.5 

166 

1.39 

10.1 

11.3 

11.8 

169 

0.44 

9.1 

15.9 

9.4 

168 

0.99 

11.8 

15.2 

11.9 

165 

1.10 

9,2 

14.6 

9.5 

169 

0.59 

7.5 

13.8 

10.2 

56 
76 
68 
62 

65 
69 

78 


Syenite 

Essex 

Franklin 

Herkimer 

Jefferson 

7 

4 

13 

7 

184 
171 
174 
176 

0.52 
0.45 
0.16 
0.34 

7.7 
10.1 
12.5 
12.4 

17.1 
18.3 
18.0 
18.1 

6.7 

8.0 

11.6 

14.5 

64 
75 
85 
88 

Trap 

Rockland 

12 

i        183      1     0.39 

13.2 

17.6 

1.64 

91 

The  following  quotation  from  Bulletin  31  O.  P.  R.  and  R.  E.  describes  the  characteristic's 
of  the  three  groups: 

Igneous  Rocks. — All  rocks  of  the  igneous  class  are  presumed  to  have  solidified  from  a 
molten  state,  either  upon  reaching  the  earth's  surface  or  at  varying  depths  beneath  it. 
The  physical  conditions,  such  as  heat  and  pressure,  under  which  the  molten  rock  magma 
consolidated,  as  well  as  its  chemical  composition  and  the  presence  of  included  vapors,  are 
the  chief  features  influencing  the  structure.  Thus,  we  find  the  deep-seated,  plutonic  rocks 
coarsely  crystalline  with  mineral  constituents  well  defined,  as  in  case  of  granite  rocks, 
indicating  a  single,  prolonged  period  of  development,  whereas  the  members  of  the  extrusive 
or  volcanic  types,  solidifying  more  rapidly  at  the  surface,  are  either  fine-grained  or  frequently- 
glassy  and  vesicular,  or  show  a  porphyritic  structure.  This  structure  is  produced  by  the 
development  of  large  crystals  generally  by  a  recurrence  of  mineral  growth  during  the 
effusive  period  of  magmatic  consolidation. 

In  the  arrangement  of  the  rock  families  from  a  mineralogical  standpoint  it  will  be  noted 
that  the  plutonic  rock  types,  granite,  syenite,  and  diorite,  are  represented  by  their  equiva- 
lent extrusive  varieties,  rhyolite  and  andesite,  and  that  diabase  has  been  included,  some- 
what arbitrarily,  with  basalt,  as  a  volcanic  representative  of  gabbro.  These  latter  rocks 
are  of  special  interest,  owing  to  their  wide  distribution  and  general  use  in  road  construction. 
They  occur  in  the  forms  of  dykes,  intruded  sheets,  or  volcanic  flows,  and  vary  in  structure 
from  glassy-porphyritic  (typical  basalt)  to  wholly  crystalline  and  even  granular  (diabase). 
Their  desirable  qualities  for  road-building  are  caused  to  a  large  extent  by  a  peculiar  inter- 
locking of  the  mineral  components  (ophitic  structure),  yielding  a  very  tough  and  resistant 
material  well  qualified  to  sustain  the  wear  of  traffic. 

Igneous  rocks  vary  in  color  from  the  light  gray,  pink,  and  brown  of  the  acid  granites, 
syenites,  and  their  volcanic  equivalents  (rhyolite,  andesite,  etc.)  to  the  dark  steel-gray  or 
black  of  the  basic  gabbro,  peridotite,  diabase,  and  basalt.  The  darker  varieties  are  com- 
monly called  trap.  This  term  is  in  very  general  use  and  is  derived  from  trappa,  Swedish 
for  stair,  because  rocks  of  this  kind  on  cooling  frequently  break  into  large  tabular  masses, 
as  may  be  seen  in  the  exposures  of  diabase  on  the  west  shore  of  the  Hudson  River  from 
Jersey  City  to  Haverstraw. 

Sedimentary  Rocks. — The  sedimentary  rocks  as  a  class  represent  the  consolidated 
products  of  former  rock  disintegration,  as  in  the  case  of  sandstone,  conglomerate,  shale,  etc., 
or  tiiey  have  been  formed  from  an  accumulation  of  organic  remains  chiefly  of  a  calcareous 
nature,  as  is  true  of  limestone  and  dolomite.  These  fragmental  or  clastic  materials  have 
been  transported  by  water  and  deposited  mechanically  in  layers  on  the  sea  or  lake  bottoms 
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producing  a  very  characteristic  bedded  or  stratified  structure  in  many  of  the  resulting 
rocks. 

In  the  case  of  certain  colitic  and  travertine  limestones,  hydrated  iron  oxides,  siliceous 
deposits,  such  as  geyserite,  opal,  flint,  chert,  etc.,  the  materials  have  been  formed  chiefly 
by  chemical  precipitation  and  show  generally  a  concentric  or  colloidal  structure. '  Oolitic 
and  pisolitic  limestones  consist  of  rounded  pealike  grains  of  calcic  carbonate  held  together 
by  a  calcareous  cement.  Travertine  is  the  so-called  onyx  marble"  of  Mexico  and  Arizona. 
It  is  a  compact  rock,  concentric  in  structure  and  formed  by  the  precipitation  of  carbonate 
of  lime  from  the  waters  of  springs  and  streams. 

Loose  or  unconsolidated  rock  debris  of  a  prevailing  siliceous  nature  comprise  the  sands, 
gravels,  finer  silts  and  clays  (laterite,  adobe,  loess,  etc.).  Shell  sands  and  marls,  on  the 
other  hand,  are  mainly  calcareous,  and  are  formed  by  an  accumulation  of  the  marine  shells 
and  of  lime-secreting  animals.  Closely  associated  with  the  latter  deposits  in  point  of 
origin  are  the  beds  of  diatomaceous  or  infusorial  earth  composed  almost  entirely  of  the 
siliceous  casts  of  diatoms,  a  low  order  of  seaweed  or  algae. 

This  unconsolidated  material  may  pass  by  imperceptible  gradations  into  representative 
rock  types  through  simple  processes  of  induration.  Thus  clay  becomes  shale,  and  that  in 
turn  slate,  without  necessarily  changing  the  chemical  or  mineralogical  composition  of  the 
original  substance. 

Such  terms  as  flagstone,  freestone,  brownstone,  bluestone,  graystone,  etc.,  are  generally 
given  to  sandstones  of  various  colors  and  composition,  while  puddingstone,  conglomerate, 
breccia,  etc.,  apply  to  consolidated  gravels  and  coarse  feldspathic  sands. 

The  calcareous  rocks  are  of  many  colors,  according  to  the  amount  and  character  of  the 
impurities  present. 

Metamorphic  Rocks. — Rocks  of  this  class  are  such  as  have  been  produced  by  prolonged 
action  of  physical  and  chemical  forces  (heat,  pressure,  moisture,  etc.)  on  both  sedimentary 
and  igneous  rocks  alike.  The  foliated  types  (gneiss,  schist,  etc.)  represent  an  advanced 
stage  of  metamorphism  on  a  large  scale  (regional  metamorphism),  and  the  peculiar  schistose 
or  foliated  structure  is  due  to  the  more  or  less  parallel  arrangement  of  their  mineral  com- 
ponents. The  non-foliated  types  (quartzite,  marble,  slate,  etc.)  have  resulted  from  the 
alteration  of  sedimentary  rocks  without  materially  affecting  the  structure  and  chemical 
composition  of  the  original  material. 

Rocks  formed  by  contact  metamorphism  and  hydration,  such  as  hornfels,  pyroxene 
marble,  serpentine,  serpentineous  limestone,  etc.,  are  of  great  interest  from  a  petographical 
standpoint,  but  are  rarely  of  importance  as  road  materials. 

The  color  of  metamorphic  rocks  varies  between  gray  and  white  of  the  purer  marbles 
and  quartzites  to  dark  gray  and  green  of  the  gneisses,  schists,  and  amphibolites.  The 
green  varieties  are  commonly  known  as  greenstones,  or  greenstone  schists. 

Interpretation  of  Tests. — It  has  been  found  impractical  to  specify 
definite  qualities  of  stone  for  use  in  macadam  highways.  Economy  and 
practical  engineering  demand  that  all  available  sources  be  considered. 
Tests  are  made  to  determine  the  relative  qualities  of  stone  from  these 
different  sources  and  the  results  used  as  a  guide  for  selection. 

In  the  work  of  the  New  York  State  Highway  Commission  all  tests 
are  tabulated  geographically,  using  a  county  as  a  unit.  Table  44B  is 
compiled  from  the  records  of  this  department.  It  will  be  noted  that 
comparisons  are  made  in  different  classifications  only,  as  it  is  considered 
that  conclusions  should  not  be  drawn  from  a  comparison  of  tests 
procured  from  materials  having  different  origins  and  composed  of  different 
minerals. 

For  the  purpose  of  ready  comparison,  there  has  been  introduced  a 
figure  known  as  the  "weighted  value. "  (See  last  column  of  table.)  This 
is  computed  by  giving  relative  weights  of  three  to  the  French  coefficient, 

iQ.  P.  Meuill,  "Rocks,  Rock  Weathering,  and  Soils,"  1897,  pp.  104-114, 
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two  to  the  hardness,  one  to  the  toughness  values  and  adding  the  three 
together.  These  relative  weights  were  determined  from  a  consideration 
of  the  amount  of  material  used  in  the  different  tests  and  the  personal 
equation  of  running  them. 

By  consulting  these  tables  the  available  rocks  of  different  classifica- 
tions in  various  sections  throughout  New  York  State  can  be  determined 
readily,  and  as  new  tests  are  completed  they  are  compared  with  good 
average  material  from  that  section. 

Conclusions. — Trap  (diabase),  granite,  gneiss,  quartzite,  sandstone 
and  limestone  are  the  most  common  rocks  and  when  found  in  a  good  state 
of  preservation  make  good  surfacing  materials. 

As  generally  found,  trap  is  uniform  in  hardness  and  toughness,  making 
an  excellent  material  for  use  in  top  course. 

Granite  and  gneiss,  where  they  occur  with  hornblende  replacing  a 
large  percentage  of  the  quartz,  make  an  excellent  surfacing  stone. 

Quartzites  when  found  in  good  state  of  preservation  are  hard  and 
tough.  They  should  not  be  confused  with  crystalline  quartz  which  is 
hard  but  brittle. 

Sandstones  are  extremely  variable  and  only  the  better  varieties  should 
be  used. 

Limestones  range  from  the  fine-grained  dense  products  which  are 
hard  and  tough  to  the  coarse-grained  soft  products  which  are  not  suitable 
for  surfacing. 

2.  Screenings. — Screenings  act  as  a  filler  and  binder  for  waterbound 
macadam  and  as  a  partial  filler  for  bituminous  macadam.  For  use  in 
waterbound  construction  the  main  mineral  constituent  is  the  most 
essential  feature  to  be  considered  as  this  must  be  a  material  that  will  form 
a  binder  and  "puddle"  readily  when  subjected  to  the  action  of  a  road 
roller  and  water. 

Limestone  screenings  have  proved  the  most  efficient  as  a  binder  in 
waterbound  construction,  although  trap  and  some  other  igneous  rocks 
can  be  bound  with  their  own  dust  by  repeated  puddling.  Screenings 
consisting  mainly  of  quartz  have  never  been  used  successfully  in  water- 
bound  construction  except  by  the  addition  of  some  limestone  screenings. 
The  use  of  a  percentage  of  clay  or  loam  as  a  binder  is  not  advisable 
except  where  the  cost  of  limestone  screenings  would  be  prohibitive. 

Laboratorj^  methods  for  testing  the  cementing  power  of  rock  powders 
are  available  but  the  results  obtained  are  erratic  and  undependable. 

In  plain  waterbound  roads  it  is  often  necessary  to  mix  some  limestone 
screenings,  fine  sandy  loam,  or  even  a  small  percentage  of  clay  loam  with 
trap,  granite,  sandstone,  quartzite,  or  gneiss  screenings  to  get  a  good 
bond  and  prevent  raveling  in  dry  weather. 

3.  Bottom  Course  Macadam  Stone. — As  the  bottom  stone  simply 
spreads  the  wheel  loads  transmitted  through  the  top  course  and  is  not 
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directly  subjected  to  the  traffic  action,  almost  any  stone  that  breaks  into 
cubical  irregular  shapes  that  will  not  air  or  water  slake  and  that  is  hard 
enough  to  stand  the  action  of  the  roller  during  construction  will  be 
satisfactory. 

Any  of  the  materials  listed  above  in  Table  44  except  shale  and  slate 
can  be  used,  provided  that  they  are  not  rotten  from  long  exposure  in  the 
air.  The  different  available  varieties  are  usually  tested  in  the  same 
manner  as  for  top  stone  in  order  to  pick  the  best.  Acid  blast  furnace 
crushed  slag  makes  an  excellent  bottom  course  but  is  not  uniform  enough 
for  top  course. 

4.  Fillers. — Fillers  are  used  in  the  bottom  course  to  fill  the  voids 
between  the  crushed  stone  and  to  prevent  rocking  or  sidewise  movement 
of  the  larger  pieces. 

They  should  be  easy  to  manipulate  in  placing,  should  not  soften 
when  wet,  or  draw  water  up  from  the  subgrade  by  capillary  action. 
The  materials  most  used  for  macadam  bottom  are 

Coarse  sandy  loam. 

Coarse  sand. 

Gravel  with  large  excess  of  fine  material. 

Stone  screenings. 

The  fitness  of  the  material  can  be  determined  by  inspection  and  by 
wetting  a  handful ;  if  it  gets  sticky  or  works  into  a  soft  mud  it  should  not 
be  used. 

Boulder  or  Telford  Base  Fillers. — This  type  of  construction  requires 
the  use  of  clean  hard  gravel  fairly  coarse  (at  least  40  per  cent  retained 
on  yi-iw.  screen)  with  not  over  15  per  cent  of  loam  or  silt  content  or 
broken  stone,  slag  or  chert.  If  broken  stone  is  used  the  voids  of  the 
stone  must  be  filled  with  the  same  class  of  sand  or  screenings  as  stipulated 
for  macadam  bottom. 

5.  Vitrified  Brick. — Bricks  must  withstand  the  same  destructive 
agencies  as  described  for  top  stone.  They  must  be  uniform  in  size, 
tough,  hard,  dense,  evenly  burned,  and,  on  account  of  their  peculiar 
shape,  must  have  a  high  resistance  against  rupture.  These  properties 
are  tested  by  the  standard  methods  adopted  by  the  American  Brick 
Manufacturers'  Association  described  below. 

It  should  be  understood  that  bricks  suitable  for  paving  are  manu- 
factured in  a  different  way  and  of  different  materials  than  ordinary  build- 
ing bricks. 

The  materials  for  molding  any  paving  brick  must  be  of  a  peculiar  character  which  will 
not  melt  and  flow  when  exposed  to  an  intense  heat  for  a  number  of  days  but  will  gradually 
fuse  and  form  vitreous  combinations  throughout  while  still  retaining  its  form. 

The  resulting  Ijrick  must  be  a  uniform  block  of  dense  texture  in  which  the  original 
stratification  and  granulation  of  the  clay  has  been  wholly  lost  by  fusion  which  has  stopped 
just  short  of  melting  the  clay  and  forming  glass. 
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The  clay  while  fusing  must  shrink  equally  throughout,  thus  causing  the  brick  to  be 
without  laminations  or  of  any  exterior  vitrified  crust  differing  from  the  interior.' 

The  great  majority  of  paving  brick  are  made  in  Ohio,  IlHnois,  Indiana, 
Pennsylvania,  West  Virginia,  and  New  York.  They  are  classed  as 
shale  or  fire-clay  brick. 

Brick. — Pa-ving  brick  shall  be  reasonably  perfect  in  shape — shall  be  free  from  marked 
warping  or  distortion,  and  shall  be  uniform  in  size,  so  as  to  fit  closely  together  and  to  make 
a  smooth  pavement.  All  brick  shall  be  homogeneous  in  texture  and  free  from  laminations 
and  seams.     All  brick  shall  be  evenly  burned  and  thoroughly  vitrified. 

Soft,  brittle,  cracked,  or  spalled  brick,  or  brick  kiln-marked  to  a  height  or  depth  of  over 
^^4  in.  will  be  rejected. 

If  brick  have  rounded  corners,  the  radius  shall  not  be  greater  than  }-iq  in. 

Brick  must  have  not  less  than  2  nor  more  than  4  vertical  lugs  or  projections  not  more 
than  ^2  ill-  wide,  on  1  side  of  each  brick,  the  total  area  of  all  lugs  being  not  more  than 
3  sq.  in.,  so  that  when  laid  there  shall  be  a  separation  between  the  bricks  of  at  least  ^g  in. 
and  not  more  than  )4  in.  The  imprint,  or  name  of  the  brick,  or  maker,  if  used,  shall  be  by 
means  of  recessed  and  not  by  raised  letters;  The  two  ends  of  the  brick  shall  have  a  semi- 
circular groove,  with  a  radius  of  not  less  than  J^^  in.  and  not  more  than  J^:^  in.  Grooves 
shall  be  so  located  that  when  the  bricks  are  laid  together  the  grooves  shall  match  perfectly; 
grooves  shall  be  horizontal  when  brick  is  laid  in  pavement. 

All  brick  shall  not  be  less  than  3}--^  by  3^^  by  S^'^  in.  nor  more  than  3}-^  by  4  by  9  in.  in 
size. 

All  brick  shall  be  subject  to  tests  for  abrasion  and  impact,  for  absorption  according  to 
the  standard  methods  prescribed  by  the  National  Brick  Manufacturers'  Association,  as 
follows: 

The  Rattler. — The  machine  shall  be  of  good  mechanical  construction,  self-contained, 
and  shall  conform  to  the  following  details  of  material  and  dimensions,  and  shall  consist  of 
barrel,  frame  and  driving  mechanism  as  herein  described. 

The  Barrel. — The  barrel  of  the  machine  shall  be  made  up  of  the  heads,  headliners  and 
staves. 

The  heads  shall  be  cast  with  trunnions  in  1  piece.  The  trunnion  bearings  shall  not  be 
less  than  two  and  one-half  (2  J  2)  inches  in  diameters  or  less  than  six  (6)  inches  in  length. 

The  heads  shall  not  be  less  than  three-fourths  (^^)  inch  thick  nor  more  than  seven- 
eighths  {Js)  inch.  In  outline  they  shall  be  a  regular  fourteen-sided  (14)  polygon  inscribed 
in  a  circle  twenty-eight  and  three-eights  (28^8)  inches  in  diameter.  The  heads  shall  be 
pro\'ided  with  flanges  not  less  than  three-fourths  ("^4)  inch  thick  and  extending  outward 
two  and  one-half  (23^-0  inches  from  the  inside  face  of  head  to  afford  a  means  of  fastening  the 
staves.  The  flanges  shall  be  slotted  on  the  outer  edge,  so  as  to  provide  for  two  (2)  three- 
fourths  (%)  inch  bolts  at  each  end  of  each  stave,  said  slots  to  be  thirteen-sixteenths  0/ie) 
inch  wide  and  two  and  three-fourths  (2^^)  inches  center  to  center.  Under  each  section 
of  the  flanges  there  shall  be  a  brace  three-eights  (%)  inch  thick  and  extending  down 
the  outside  of  the  head  not  less  than  two  (2)  inches.  Each  slot  shall  be  provided  with  recess 
for  bolt  head,  which  shall  act  to  prevent  the  turning  of  the  same.  There  shall  be  for  each 
head  a  cast-iron  headliner  one  (1)  inch  in  thickness  and  conforming  to  the  outline  of  the 
head,  but  inscribed  in  a  circle  twenty-eight  and  one-eighth  (283'^)  inches  in  diameter. 
This  liner  or  wear  plate  shall  be  fastened  to  the  head  by  seven  (7)  five-eights  (%)  inch  cap 
screws,  through  the  head  from  the  outside.  These  wear  plates,  whenever  they  become 
worn  down  one-half  (3'2)  inch  below  their  initial  surface  level,  at  any  point  of  their  surface, 
must  be  replaced  with  new.  The  metal  of  which  these  wear  plates  are  to  be  composed 
shall  be  what  is  known  as  hard  machinery  iron,  and  must  contain  not  less  than  one  (1)  per 
cent  of  combined  carbon.  The  faces  of  the  polygon  must  be  smooth  and  give  uniform 
bearing  for  the  staves.  To  secure  the  desired  uniform  bearing  the  faces  of  the  head  may  be 
ground  or  machined. 

The  Staves. — The  staves  shall  be  made  of  six  (6)  inch  medium  steel  structural  channels 
twenty-seven  and  one-fourth  (27 J^^)  inches  long  and  weighing  fifteen  and  five-tenths  (15.5) 
pounds  per  lineal  foot. 

'  JuDSON,  "Roads  and  Pavements,"  page  87. 
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The  channels  shall  be  drilled  with  holes  thirteen-sixteenths  (^/-f  e)  inch  in  diameter, 
two  (2)  in  each  ojid,  for  bolts  to  fasten  same  to  head,  the  center  line  of  the  holes  being  one 
(1)  inch  from  either  end  and  one  and  three-eighths  (l^s)  inches  either  way  from  the  longi- 
tudinal center  line. 

The  space  between  the  staves  will  be  determined  Ijy  the  accuracy  of  the  heads,  but  must 
not  exceed  five-sixteenths  (^le)  inch.  The  interior  or  flat  side  of  each  channel  must  be 
protected  by  a  lining  or  wear  plate  three-eighths  Oi)  inch  thick  by  five  and  one-half  (5}  §) 
inches  wide  by  nineteen  and  three-quarters  (19?4)  inches  long.  The  wear  plate  shall 
Consist  of  medium  steel  plate,  and  shall  be  riveted  to  the  channel  by  three  (3)  one-half 
(^^)  inch  rivets,  one  of  which  shall  be  on  the  center  line  both  ways  and  the  other  two  on 
the  longitudinal  center  line  and  spaced  seven  (7)  inches  from  the  center  each  way.  The 
rivet  holes  shall  be  countersunk  on  the  face  of  the  wear  plate  and  the  rivets  shall  be  driven 
hot  and  chipped  off  flush  with  the  surface  of  the  wear  plate.  These  wear  plates  shall  be 
inspected  from  time  to  time,  and  if  found  loose  shall  be  at  once  riveted,  but  no  wear  plate 
shall  be  replaced  by  a  new  one  except  as  the  whole  set  is  changed.  No  set  of  wear  plates 
shall  be  used  for  more  than  one  hundred  and  fifty  (150)  tests  under  any  circumstances. 
The  record  must  show  the  date  when  each  set  of  wear  plates  goes  into  service  and  the  num- 
ber of  tests  made  upon  each  set. 

The  staves  when  bolted  to  the  heads  shall  form  a  barrel  twenty  (20)  inches  long, 
inside  measurement,  between  wear  plates.  The  wear  plates  of  the  staves  must  be  so 
placed  as  to  drop  between  the  wear  plates  of  the  heads.  These  staves  shall  be  bolted 
tightly  to  the  heads  by  four  (4)  three-fourths  (^4)  inch  bolts,  and  each  bolt  shall  be  pro- 
vided with  lock  nuts,  and  shall  be  inspected  at  not  less  frequent  intervals  than  every 
fifth  (5th)  test  and  all  nuts  kept  tight.  A  record  shall  be  made  after  each  such  inspection, 
showing  in  what  condition  the  bolts  were  found. 

The  Frame  and  Driving  Mechanism. — The  barrel  should  be  mounted  on  a  cast-iron 
frame  of  sufficient  strength  and  rigidity  to  support  same  without  undue  vibration.  It 
should  rest  on  a  rigid  foundation  and  be  fastened  to  same  by  bolts  at  not  less  than  four  (4) 
points. 

It  should  be  driven  by  gearing  whose  ratio  of  driver  to  driven  should  not  be  less  than 
one  (1)  to  four  (4).  The  counter  shaft  upon  which  the  driving  pinion  is  mounted  should  not 
be  less  than  one  and  fifteen-sixteenths  (l^/^ie)  inches  in  diameter,  with  bearings  not  less 
than  eighteen  (18)  inches  in  diameter  and  six  and  one-half  (6|^)  inches  in  face.  A  belt  of 
six  (6)  inch  double-strength  leather,  properly  adjusted,  so  as  to  avoid  unnecessary  slipping, 
should  be  used. 

(As  a  part  of  this  publication  will  be  found  a  complete  working  drawing  of  a  machine 
which  will  meet  the  above  specifications  and  requirements.) 

The  Abrasive  Charge. —  (a)  The  abrasive  charge  shall  consist  of  two  sizes  of  cast-iron 
spheres.  The  larger  size  shall  be  three  and  seventy-five-hundredths  (3.75)  inches  in 
diameter  when  new  and  shall  weigh  when  new  approximately  seven  and  five-tenths  (7.5) 
pounds  (3.40  kilos)  each.     Ten  shall  be  used. 

These  shall  be  weighed  separately  after  each  ten  (10)  tests,  and  if  the  weight  of  any  large 
shot  falls  to  seven  (7)  pounds  (3.175  kilos)  it  shall  be  discarded  and  a  new  one  substituted; 
provided,  however,  that  all  of  the  large  shot  shall  not  be  discarded  and  substituted  by  new 
ones  at  any  single  time,  and  that  so  far  as  possible  the  large  shots  shall  compose  a  graduated 
series  in  various  stages  of  wear. 

The  smaller  size  spheres  shall  be  when  new  one  and  eight  hundred  seventy-five-thou- 
sandths (1.875)  inches  in  diameter  and  shall  weigh  not  to  exceed  ninety-five-hundredths 
(0.95)  pounds  (0.430  kilos)  each.  Of  these  spheres  so  many  shall  be  used  as  will  bring  the 
collective  weight  of  the  large  and  small  spheres  most  nearly  to  three  hundred  (300)  pounds, 
provided  that  no  small  sphere  shall  be  retained  in  use  after  it  has  been  worn  down  so  that  it 
will  pass  a  circular  hole  one  and  seventy-five-hundredths  (1.75)  inches  in  diameter,  drilled 
in  a  cast-iron  plate  one-fourth  (I4)  inch  in  thickness  or  weigh  less  than  seventy-five- 
hundredths  (0.75)  pounds  (or  0.34  kilos).  Further,  the  small  spheres  shall  be  tested  by 
passing  them  over  such  an  iron  plate  drilled  with  such  holes,  or  shall  be  weighed  after  every 
ten  (10)  tests,  and  any  which  pass  through  or  fall  below  specified  weight,  shall  be  replaced 
by  new  spheres,  and  provided,  further,  that  all  of  the  small  spheres  shall  not  be  rejected  and 
replaced  by  new  ones  at  any  one  time,  and  that  so  far  as  possible  the  small  spheres  shall 
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compose  a  graduated  series  in  various  stages  of  wear.     At  any  time  that  any  sphere  is  found 
to  be  broken  or  defective  it  shall  at  once  be  replaced. 

{b)   The  iron  composing  these  spheres  shall  have  a  chemical  composition  within  the 
following  limits: 

Combined  carbon — Not  less  than  2.50  per  cent 
Graphitic  carbon — Not  more  than  0.10  per  cent 
Silicon — Not  more  than  1  per  cent 
Manganese — Not  more  than  0.50  per  cent 
Phosphorus — Not  more  than  0.25  per  cent 
Sulphur- — Not  more  than  0.08  per  cent 


For  each  new  batch  of  spheres  used  the  chemical  analysis  must  be  furnished  by  the 
maker,  or  be  obtained  by  the  user,  before  introduction  into  the  charge,  and  unless  the 
analysis  meets  the  above  specifications,  the  batch  of  spheres  shall  be  rejected. 

The  Brick  Charge.- — The  number  of  brick  per  charge  shall  be  ten  (10)  for  all  bricks 
of  the  so-called  "block  size"  whose  dimensions  fall  between  from  eight  (8)  to  nine  (9) 
inches  in  length,  three  (3)  and  three  and  three-fourths  (3^^)  inches  in  breadth  and  three  and 
three-fourth  (3^^)  and  four  and  one-fourth  (A^'i)  inches  in  thickness.  No  block  should 
be  selected  for  test  that  would  be  rejected  by  any  other  requirements  for  the  specifications. 

The  brick  shall  be  clean  and  dried  for  at  least  three  (3)  hours  in  a  temperature  of  one 
hundred  (100)  degrees  Fahr.  before  testing. 

Speed  and  Duration  of  Revolution. — The  rattler  shall  be  rotated  at  a  uniform  rate  of  not 
less  than  twenty-nine  and  one-half  (293^^)  nor  more  than  thirty  and  one-half  (30}-2) 
revolutions  per  minute,  and  eighteen  hundred  (1,800)  revolutions  shall  constitute  the 
standard  test. 

A  counting  machine  shall  be  attached  to  the  rattler  for  counting  the  revolutions.  A 
margin  of  not  to  exceed  ten  (10)  revolutions  will  be  allowed  for  stopping.  Only  one  (1) 
start  and  stop  per  test  is  regular  and  acceptable. 

The  Results. — The  loss  shall  be  calculated  in  percentage  of  the  original  weight  of  the 
dried  brick  composing  the  charge.  In  weighing  the  rattled  brick  any  piece  weighing  less 
than  one  (1)  pound  shall  be  rejected. 

Records. — (a)  The  operator  shall  keep  an  official  book,  in  which  the  alternate  pages 
are  perforated  for  removal.  The  record  shall  be  kept  in  duplicate,  by  use  of  a  carbon 
paper  between  the  first  and  second  sheets,  and  when  all  entries  are  made  and  calculations 
are  completed  the  original  record  shall  be  removed  and  the  carbon  duplicate  preserved  in 
the  book.  All  calculations  must  be  made  in  the  space  left  for  that  purpose  in  the  record 
blank,  and  the  actual  figures  must  appear.  The  record  must  bear  its  serial  number  and 
be  filled  out  completely  for  each  test,  and  all  data  as  to  dates  of  inspection  and  weighing  of 
shot  and  replacement  of  worn-out  parts  must  be  carefully  entered,  so  that  the  records 
remaining  in  the  book,  constitute  a  continuous  one.  In  event  of  further  copies  of  a  record 
being  needed,  they  may  be  furnished  on  separate  sheets;  but  in  no  case  shall  the  original 
carbon  copy  be  removed  from  the  record  book. 


REPORT  OF  STANDARD  RATTLER  TEST  OF  PAVING  BRICKS 

Identification  Data  Serial   ( — ) 

Name  of  the  firm  furnishing  sample 

Name  of  the  firm  manufacturing  sample 

Street  or  job  which  sample  represents 

Brands  or  marks  on  the  brick 

Quantity  furnished  Drying  treatment 

Date  received  Date  tested 

Length  Breadth  Thickness 
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Standaudization  Data 

Number  of  charges  treated  since  last  inspection. 

Weight  of  Charge  Condition  of  Locknuts  Condition  of 

(After  Standardization)  on  Staves  Scales 

10  Large  spheres 
Small  spheres 

Total 
Number  of  charges  tested  since  stave  linings  were  renewed 
Repairs  (Note  any  repairs  affecting  the  condition  of  the  barrel) 

Running  Data 

Time  Readings  Revolution  Running  notes, 

Counter  Stops,  etc. 

Readings 
Hours  Minutes  Seconds 

Beginning  of  Test 

Final  Reading 

Wrights   and   Calculations 

Initial  Weight  of  10  Bricks Percentage  Loss 

Final  Weight  of  same (Note — The  Calculation  Must 

Loss  of  Weight Appear) 

Number  of  broken  bricks  and  remarks  on  same 

I  certify  that  the  foregoing  test  was  made  under  the  specifications  of 
and  is  a  true  record.  ^ 

Date  Signature  of  (Tester) 

Location  of  Laboratory. 

Any  brick  which  loses  twenty-four  (24)  per  cent  or  more  in  the  rattler,  or  increases  more 
than  3}^  per  cent  in  weight  or  less  than  3'2  o^  1  P^r  cent  in  the  absorption  test,  will  be 
rejected. 

6.  Bituminous  Binders. — The  subject  of  bitumens  is  an  intricate  one 
and  the  reader  is  referred  to  the  works  of  Clifford  Richardson,  Prevost 
Hubbard,  and  others,  for  detailed  information,  as  a  book  of  this  character 
can  given  only  an  outline. 

There  are  a  number  of  dust  preventives  and  road  binders  on  the 
market  which  depend  for  their  effectiveness  on  a  bituminous  binding 
base.  The  term  bitumen  is  applied  to  a  great  many  substances.  Hub- 
bard arbitrarily  defines  bitumens  as  "consisting  of  a  mixture  of  native  or 
pyrogenetic  hydrocarbons  and  their  derivatives,  which  may  be  gaseous, 
liquid,  a  viscous  liquid,  or  solid,  but  if  solid  melting  more  or  less  readily 
upon  the  application  of  heat  and  soluble  in  chloroform,  carbon  bisulphide, 
and  similar  solvents."^ 

The  bitumens  may  be  classified  as  native  and  artificial.  The  native 
bituminous  materials,  that  are  used  in  road  work,  are  the  asphaltic  and 
semi-asphaltic  oils  (dust  layers).  Malthas  (the  binding  base  of  Rock 
Asphalts),  Trinidad,  Bermudez  California,  and  Cuba  asphalts,  Gilsonite, 
and  Grahamite  (which,  however,  are  too  brittle  in  their  natural  state 
and  require  fluxing  with  a  suitable  residual  oil  before  they  can  be  used 

^  "Dust  Preventives  and  Road  Binders."     John  Wiley  &  Sons. 
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as  binders).  The  natural  asphalts  are  refined  to  remove  water  and  any 
objectionable  amount  of  impurities  by  heating  until  the  gases  are  driven 
off,  skimming  the  vegetable  matter  which  rises  to  the  surface,  and  remov- 
ing the  mineral  constituents  which  fall  to  the  bottom. 

The  artificial  bituminous  materials  are  derived  by  the  destructive 
distillation  of  coal,  or  by  fractional  distillation  of  crude  coal  tars,  or  the 
native  petroleum  oils.  They  comprise  the  crude  coal  and  water  gas 
tars,  the  refined  tars,  the  residual  oils  and  semi-solid  binders  derived 
from  the  petroleum  oils.  They  vary  greatly  in  consistency  and  binding 
power. 

The  following  material  is  briefed  from  Bulletin  34,  United  States 
Office  of  Public  Roads:  The  light  oils  and  tars  have  a  relative  small 
percentage  of  ])ituminous  base  and  are  effective  onl}^  so  long  as  it  retains 
its  binding  power;  the  more  permanent  binders  contains  a  larger  percent- 
age of  bitumen;  these  are  the  heavy  oils  and  semi-solids. 

ARTIFICIAL  BITUMENS 

Crude  Tars. — Coke  ovens  and  gas  plants  produce  most  of  the  coal  tars  in  use.  These 
tars  contain  various  complex  combinations  o4  carbon,  hydrogen,  and  oxygen  and  small 
amounts  of  nitrogen  and  sulphur.  They  vary  in  composition  according  to  the  material 
from  which  they  are  made  and  the  temperature  at  which  they  are  distilled.  The  percentage 
of  free  carbon  ranges  from  5  to  35  per  cent,  and  the  bitumen  from  60  to  95  per  cent  depend- 
ing on  the  temperature  of  manufacture.  Tars  produced  at  high  temperatures  contain 
free  carbon  in  excess  which  weakens  their  binding  power;  they,  also,  contain  a  large  amount 
of  anthracine  and  naphthalene,  two  useless  materials  from  the  standpoint  of  road  work. 
Tars  produced  at  low  temperatures  are  to  be  preferred.  Coke  tar  is  low  temperature  tar; 
gas  tar  is  high  temperature  tar. 

Table  45A. — Specific  Gravity  and  Composition  of  Tar  Products 
Table  from  Bulletin  34,  United  States  Office  of  Public  Roads 


Kind  of  tar 

Specific 
gravity 

Ammo- 
niacal 
water, 

per  cent 

Total 
light  oils 
to  170°C., 
per  cent 

Total 

dead  oils 

170°270°C., 

per  cent 

Residue 

(by 

difference), 

per  cent 

Water-gas  tar 

Crude  coal  tar 

Refined  coal  tar 

1.041 
1.210 
1.177 

2.4 
2.0 
0.0 

a21.6 
dl7.2 

612.8 

652.0 
e26.0 
07.6 

c24.0 
/54.8 
/39.6 

a.  Distillate,  mostly  liquid.  e.  Distillate,  one-half  solid. 

b.  Distillate,  all  liquid.  /.  Pitch,  hard  and  brittle. 

c.  Pitch,  very  brittle.  g.  Distillate,  one-third  solid. 

d.  Distillate,  mostly  solid. 

Table  46  gives  a  more  up-to-date  analysis  of  the  coal  tars  on  the  market. 
The  tests  and  detailed  requirements  for  light,  medium  and  heavy  bitumens  are  given 
on  pages  529  and  551. 
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Refined  Tars. —  Much  of  the  road  tar  is  refined  tar — that  is,  it  has  been  subjected  to 
fractional  distillation  to  remove  the  valuable  volatile  compounds.  The  residuum  from  this 
process  is  a  thick  viscous  material  known  as  coal-tar  pitch,  and  if  the  crude  tar  from  which 
it  is  obtained  was  produced  at  a  low  temperature  it  is  nearly  pure  bitumen;  the  dead  oils 
obtained  from  the  distillation  are  of  little  value  and  are  often  run  back  into  the  pitch,  which 
makes  it  liquid  when  cold.  The  following  table  gives  the  approximate  composition  of 
water-gas  tar,  crude  coal  tar,  and  refined  tar. 

If  the  tar  is  used  as  a  temporary  dust-layer  only,  it  should  be  a  low-temperature,  dehy- 
drated tar,  liquid  when  cold.  If  used  as  a  more  permanent  binder  and  applied  hot,  it 
should  have  a  larger  percentage  of  pitch,  should  contain  no  water,  and  be  free  from  an 
excessive  amount  of  free  carbon.  If  used  as  a  mastic  in  bituminous  macadam,  it  should 
contain  a  high  percentage  of  pitch  and  be  free  from  the  defects  mentioned. 

Natural  Bitumens  and  Artificial  Residual  Oils  and  Semi-solids. — Mineral  oils  can  be 
classed  as  paraffin  petroleums,  mixed  paraffin  and  asphaltic  petroleums,  and  asphaltic 
petroleums.  The  relative  value  of  oils  as  a  source  of  supply  for  road  materials  depends 
on  their  percentage  of  asphaltic  residue.  The  eastern  oils  found  in  New  York,  Pennsyl- 
vania, West  Virginia,  etc.,  are  paraffin  petroleums;  the  western  oils  vary  from  light  to 
heavy  asphaltic  petroleums,  and  the  southern  oils  have  a  mixed  paraffin  and  asphaltic  base* 

The  crude  petroleum  is  refined  by  fractional  distillation  to  obtain  its  valuable  products, 
such  as  kerosene,  etc.     The  character  of  the  residue  depends,  as  for  the  tars,  on  the  crude 


Table  45B. — Results  of  Tests  of  Crude  Petroleum 
Tables  from  Bulletin  No.  34,  United  States  Office  of  Public  Roads 


Kinds  of  Oil 

Volatility  at 
110°C. 
7  hours, 
per  cent 

Volatihty  at 
160°C. 
7  hours, 
per  cent 

Volatility  at 
205°C. 
7  hours, 
per  cent 

Pennsylvania,  paraffin 

Texas,  semi-asphaltic.                  .    . 

0.801 
0.904 
0.939 

(a) 
43 
26 

47.3 
20.0 

58.0 
27.0 

68.0 
49.0 

632.0 
C51.0 

California,  asphaltic 

(142.7 

e57.3 

a.  Ordinary  temperature. 

b.  Soft. 

c.  Quick  flow. 


d.  Volatility  at  200°,  7  hour. 

e.  Soft  maltha;  sticky. 


Table  45C. — Results  of  Petroleum  Residuum 


Kinds  of  oil 


C3_a; 

fa 


^-5o 


03 Ox:  ^ 


a 

£ 

^ 

»3.o 

aJ  fl 

a  a 

ag 

■o  ^ 

S  a 

ii  0. 

o  a 

a 

O! 

a85. 

8 

11.0 

a93. 

8 

1.7 

a82. 

7 

0.0 

Pennsylvania,  paraffin 0 .  920 

Texas,  semi-asphaltic 0 .  974 

California,  asphaltic 1 .  006 


186 
214 
191 


14.2 

6.2 

17.3 


3.0 
3.5 
6.0 


a.  Soft. 
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Table  46. — Circular  No.  97, 
Analysis  of  crude  coke-oven  tars  pro- 


Serial 
No. 


General  information 


Company  and  location 


Type  of  oven 


Maximum 

temperature 

of  firing 

retorts 


5126 
5123 

5124 

5137 

5121 

5125 
5128 
5200 
5189 

5160 

5074 

5081 
5095 

5083 

5159 

5107 
5086 
5078 
5087 

5109 

5122 

5188 
5404 

5108 
5127 
5089 


Solvay  Process  Co.,  Syracuse,  N.  Y 

Semet-Solvay   Co.,    Pennsylvania  Steel  Co.,  Steel-  , 
ton.  Pa ! 

Semet-Solvay  Co.,  National  Tube  Co.,  Benwood,  '• 
W.  Va 

Semet-Solvay   Co.,    Milwaukee   Coal   &   Gas   Co.,  ; 
Milwaukee,  Wis i 

Semet-Solvay  Co.,  Pennsylvania  Steel  Co.,  Leba- 
non, Pa 

By-Products  Coke  Corporation,  South  Chicago,  111. 

Semet-Solvay  Co.,  Detroit,  Mich 

Semet-Solvay  Co.,  Empire  Coke  Co.,  Geneva,  N.  Y. 

Semet-Solvay  Co.,  Dunbar  Furnace  Co.,  Dunbar, 
Pa 

Semet-Solvay  Co.,  Central  Iron  &  Coal  Co.,  Tusca- 
loosa, Ala 

r  Philadelphia  Suburban  Gas  &  Electric  Co.,  Ches- 

\    ter.   Pa : 

Semet-Solvay  Co.,  Ensley,  Ala 

The  N.  E.  Gas  &  Coke  Co.,  Everett,  Mass 

(  Lackawanna   Steel  Co.,  Lackawanna  Iron  &  Steel 

\    Co.,  Lebanon,  Pa 

Dominion    Tar    &    Chemical    Co.,    Sydney,    Nova 
Scotia 

Hamilton  Otto  Coke  Co.,  Hamilton,  Ohio 

Carnegie  Steel  Co.,  South  Sharon,  Pa 

Maryland  Steel  Co.,  Sparrows  Point,  Md 

Citizens'  Gas  Co.,  Indianapolis,  Ind 

f  Pittsburg  Gas  &  Coke  Co.,  The  United  Coke  &  Gas 

\  Co.,  Glassport,  Pa 

Zenith  Furnace  Co.,  Duluth,  Minn 


Sement-Solvay 

Semet-Solvay 

Semet-Solvay 

Semet-Solvay 

Semet-Solvay 
Semet-Solvay 
Semet-Solvay 
Semet-Solvay 

Semet-Solvay 

Semet-Solvay 
Semet-Solvay 


Semet-Solvay 
Otto  Hoffmani 

Otto  Hoffman 


Otto  Hoffman 
Otto  Hoffman 
United  Otto 
United  Otto 
United  Otto 


Illinois  Steel  Co.,  Joliet,  111 

Illinois  Steel  Co.,  Indiana  Steel  Co.,  Gary,  Ind. 

Camden  Coke  Co.,  Camden,  N.  J 

Cambria  Steel  Co.,  Johnstown,  Pa 

Lackawanna  Steel  Co.,  Buffalo,  N.  Y 


United  Otto 

United  Otto 

Koppers 
Koppers 
f  Otto  Hoffman 
\  United  Otto 
I  Otto  Hoflman 
)  United  Otto 
/United  Otto 
\  Rothberg 


1, 650-1, 450°C. 

1, 050-1, 450°C. 

1, 050-1, 450°C. 

1, 0.50-1, 450°C. 

1, 050-1, 450°C. 
1, 050-1, 4,50°C. 
1, 050-1, 4.50°C. 
1, 050-1, 450°C. 

1, 050-1, 450°C. 

1,250°C. 

1,050°C. 

1,250°C. 
1,100°C. 

1,000°C.  (1,800°F.) 


1,111°C.  (2,000°F.) 
1,666°C.  (3,000°F.) 
1,333°C.  (2,400°F.) 
1,222°C.  (2,200°F.) 

(n 

1, 222-1, 277°C. 

2 , 200-2 , 300°F. 
1,444°C.  (2,600°F.) 
1,100°C. 

1,000°C.  (1,800°F.) 
1,222°C.  (2,200°F.) 
1,111°C.  (2,000°F.) 
1,111°C.  (2,000°F.) 
1,000°C.  (1,800°F.) 
1,000°C.  (1,800°F.) 
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Answers  to  questions 

Examination 

Per 

Maximum 
temperature 
to  which  coal 

is  brought 

Specific  gravity 
of  crude  tar 

Per  cent  of 

free  carbon 

in  tar 

Specific 
gravity 
of  tar, 
25°C. 

Per 

cent 

of  free 

carbon 

Per 

cent 
of 
ash 

cent 
soluble 
in  CSj, 
includ- 
ing 
H2O 

950-1, 150°C. 

1.12-1.21 

3-12 

1.195 

7.76 

0.12 

92.12 

9oO-l,150°C. 

1.12-1.21 

3-12 

1.206 

8.77 

0.07 

91.16 

950-1, 150°C. 

1.12-1.21 

3-12 

1.176 

7.14 

0.04 

92.82 

950-1, 150°C. 

1.12-1.21 

3-12 

1.168 

6.10 

0.05 

93.85 

950-1, loO°C. 

1.12-1.21 

3-12 

1.173 

4.71 

0.06 

95.23 

950-1, 150°C. 

1.12-1.21 

3-12 

1.191 

7.49 

0.03 

92.48 

950-1, 150°C. 

1.12-1.21 

3-12 

1.169 

6.56 

0.11 

93.33 

950-1, 150°C. 

1.12-1.21 

3-12 

1.159 

6.07 

0.08 

93.85 

950-1, 150°C. 

1.12-1.21 

3-12 

1.181 

8.85 

0.02 

91.13 

1,150°C. 

1.17 

5.72 

1.159 

5.05 

0.02 

94.93 

1,000°C. 

1.16  (20°C.) 

1.141 

3.96 

0.05 

95.99 

1,150°C. 

1.17  (1.5°C.) 

8 

1.175 

6.90 

0.06 

93.04 

U,200°C. 

1.17 

8-10 

1.160 

13.94 

0.00 

86.06 

1,000°C.  (1,800°F.) 

1.10 

16-24 

1.214 

14.05 

0.13 

85.82 

(2) 

1.170 

10-15 

1.143 

10.81 

0.05 

89.14 

1,111°C.  (2,000°F.) 

1.14      • 

616.0 

1.160 

8.37 

0.06 

91.57 

1,444°C.  (2,600°F.) 

1.2 

7.09-10.64 

1.191 

7.89 

0.03 

92.08 

1,222°C.  (2,200°F.) 

31.19 

38-10 

1.179 

8.49 

0.03 

91.48 

1,222°C.  (2,200°F.) 

1.14-1.15 

4-5 

1.133 

5.21 

0.07 

94.72 

(2) 

(50°F.)   1.207  (10°C.) 

16.59 

1.176 

10.53 

0.04 

89.43 

{') 

(2) 

(') 

1.195 

12.18 

0.05 

87.77 

1,388°C.  (2,500°F.) 

1.16-1.20 

12-15 

1.171 

3.89 

0.06 

96.05 

880-950°C. 

n.l74 
1.169 

>      4.35 

) 

1.169 

2.73 

0.04 

97.23 

833°C.  (LSOCF.) 
1,055°C.  (1,900°F.) 

1.20-1.30  6(1-221) 

7-9  "(7.3) 

1.182 

11.30 

0.06 

88.64 

»1.111°C.  (2,000°F.) 
'1,111°C.  (2,000°F.) 

1.12 

115 

1.211 

12.40 

0.16 

87.44- 

1,000°C.  (1,800°F.) 
1,000°C.  (1,800°F.) 

1.16 

16-24 

1.210 

16.80 

0.00 

83.20 
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T/BLE    46 


Serial 
No. 


Examination,  public  roads 


Company  and  location 


Distillation  results 


Water 


Per  cent 

by 
volume 


Per  cent 

by 
weight 


Light  oils  up 
to  110°C. 


Per  cent 

by 
volume 


Per  cent 

by 
weight 


5126 
5123 

5124 

5137 

5121 

5125 

5128 
5200 

5189 

5160 

5074 

5081 
5095 

5083 

5159 

5107 
5086 
5078 
5087 
5109 

5122 
5188 

5404 

5108 
5127 
5089 


Solvay  Process  Co.,  Syracuse,  N.  Y 

Semet-Solvay  Co.,  Pennsylvania  Steel  Co.,  Steel- 
ton,  Pa 

Semet-Solvay  Co.,  National  Tube  Co.,  Benwood, 
W.  Va 

Semet-Solvay  Co.,  Milwaukee  Coke  &  Gas  Co., 
Milwaukee,  Wis 

Semet-Solvay  Co.,  Pennsylvania  Steel  Co.,  Leba- 
non, Pa 

By-Products  Coke  Corporation,  South  Chicago, 
111 


Semet-Solvay  Co.,  Detroit,  Mich 

Semet-Solvay    Co.,    Empire   Coke   Co.,    Geneva, 

N.  Y 

Semet-Solvay  Co.,  Dunbar  Furnace  Co  ,  Dun- 
bar, Pa 

Semet-Solvay    Co.,    Central    Iron    &    Coal    Co., 

Tuscaloosa,  Ala 

Philadelphia    Suburban    Gas     &     Electric     Co., 

Chester,  Pa 

Semet-Solvay  Co.,  Ensley,  Ala 

The   New   England   Gas   &   Coke   Co.,   Everett, 

Mass 

Lackawanna  Steel  Co.,  Lackawanna  Iron  &  Steel 

Co.,  Lebanon,  Pa 

Dominion   Tar  &  Chemical  Co.,   Sydney,    Nova 

Scotia 

Hamilton  Otto  Coke  Co.,  Hamilton,  O 

Carnegie  Steel  Co.,  South  Sharon,  Pa 

Maryland  Steel  Co.,  Sparrows  Point,  Md 

Citizens'  Gas  Co.,  Indianapolis,  Ind 

Pittsburg  Gas  &  Coke  Co.,  The  United  Coke  & 

Gas  Co.,  Glassport,  Pa 

Zenith  Furnace  Co.,  Duluth,  Minn 

Illinois  Steel  Co.,  JoUet,  111 


Illinois  Steel  Co.,  Indiana  Steel  Co.,  Gary,  Ind. 

Camden  Coke  Co.,  Camden,  N.  J 

Cambria  Steel  Co.,  Johnstown,  Pa 

Lackawanna  Steel  Co.,  Buffalo,  N.  Y 


1.0 

1.0 

1.1 

1.8 

0.6 

(') 
6.9 

4.0 

2.0 

3.2 

2.3 
3.3 

2.2 

5.4 

3.2 
3.4 
1.0 

1.6 

1.2 
1.1 
3.6 
1.9 
3.5 
2.2 
10.1 
2.7 


0.8 

0.8 

1.0 

1.5 

0.5 

(') 
5.9 

3.4 

1.7 

2.8 

2.0 
2.8 

2.0 

4.4 

2.8 
3.0 
1.0 

1.3 

1.1 
1.0 
3.0 
1.6 
3.0 
1.9 
8.3 
2.2 


80.3 
0.4 
1.9 
1.4 
1.6 

0.4 

92.8 

2.6 
1.7 
2.4 
2.3 

81.4 

2.9 

n.4 

1.9 
3.1 
n.6 

1.3 


0.3 

0.3 

1.5 

1.2 

1.3 

0.3 
2.3 

2.1 

1.4 

1.9 

1.3 
1.0 

2.3 

1.4 

1.5 
2.5 
1.2 

0.9 


1.1 

0.9 

1.1 

0.9 

1.7 

1.3 

n.7 

1.2 

n.3 

1.0 

1.8 

1.4 

93.1 

2.3 

>»0.5 

0.3 

1  Approximately. 

2  No  information. 

'  Varies  with  coal.     Coal  with 
28  per  cent  of  volatile  matter  used. 
*  With  HsO. 
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'  At  present. 
«  Variable. 
'  Trace. 

8  Trace  of  solids. 

9  Distillate  solid. 


1°  Distillate  one-fourth  solid. 
'1  Distillate  nine-tenths  solid. 
12  Distillate  three-fourths  solid. 
"  Distillate  eight-ninths  solid. 
'*  Distillate  one-half  solid. 
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— Continued 


Examination,  office  of  public  roads 


Distillation  results 


Middle  oils, 
110°-170°C. 


Per  cent 

by 
volume 


Per  cent 

by 
weight 


Heavy  oils, 
170°-270°C. 


Per  cent 

by 
volume 


Per  cent 

by 
weight 


Heavy  oils, 
270°-315°C. 


Per  cent 

by 
volume 


Per  cent 

by 
weight 


Pitch 


Per  cent 

by 
volume 


Per  cent 

by 
weight 


Serial 
No. 


0.8 
•2.0 
0.7 
0.8 
0.8 

in.i 

•0.4 

0.6 

0.2 

0.3 

1.2 
0.2 

0.6 

90,1 

0.6 
0.7 
»0.6 

0.6 

1.4 
0.5 
0.4 
'0.2 
90.4 
0.6 
90.3 

99     2 


0.7 

1.7 

0.6 

0.6 

0.6 

0.9 
0.3 

0.5 

0.2 

0.3 

0.8 
0.2 

0.5 

0.1 

0.5 
0.6 
0.4 

0.4 


ms.i 

914.0 
14.9 

1321.1 

in7.5 

"523.6 
"14.6 

1017.6 

i«20.0 

18.6 

22.8 
1716.5 

23.5 

1113.0 

27.2 

27.9 

i»12.1 

1217.2 


1.3 

23.9 

0.4 

i'26.9 

0.3 

I'lS.l 

0.2 

920.0 

0.3 

920.6 

0.5 

H20.5 

0.2 

9    7.1 

1.7 

911.7 

11.5 

12.3 

13.2 

18.9 

15.5 

20.7 
13.0 

15.5 

17.8 

16.3 

19.5 
14.1 

20.4 

10.9 

24.2 
24.4 
10.2 

15.1 


19  8.2 
2»  7.9 

2111.9 

20  5.5 

19  9.4 

9  9.8 
8  6.9 

2211.4 

21  6.5 

10  7.5 

1913.6 
14  9.3 

1715.6 

21  9.4 

19  7.3 
19  3.8 

1911.0 

21  9.6 


31.4 

1011.6 

23.6 

11  6.9 

15.9 

1912.5 

18.0 

1113.4 

18.5 

9  7.1 

18.2 

23  8.5 

6.1 

12  7.4 

9.9 

2111.8 

7.3 

6.9 

10.6 

4.9 

8.4 

8.9 
5.7 

10.4 

5.7 
6.8 

12.5 

8.2 

14.4 

8.1 

6.7 
3.5 
9.7 

8.5 


2576.6 
2674.7 
2"69.5 
2569 . 4 

2570.1 

2'65 . 1 
2668 . 4 

2763 . 8 

2569 . 6 

2768.0 

57.8 
2769.3 

2755.2 

2570.7 

2759 . 8 

2761  .  1 

2573.7 

2869 . 7 


10.4 

2760.8 

6.3 

2763.5 

11.1 

2763.7 

12.0 

2662 . 8 

6.5 

2667.1 

7.5 

2566.4 

6.9 

2672.0 

10.2 

2771.1 

79.1 

77.6 

73.1 

72.5 

73.7 

68.9 
72.0 

67.7 

73.1 

71.5 

62.0 
73.2 

59.7 

74.6 

63.5 
64.9 
77.5 

73.2 

64.7 
67.6 
67.8 
06.3 
70.2 
70.1 
74.8 
75.0 


5126 

5123 

5124 

5137 

5121 

5125 
5128 

5200 

5189 

5160 

5074 
5081 

5095 

5083 

5159 
5107 
5086 

5078 

5087 
5109 
5122 
5188 
5404 
5108 
5127 
5089 
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i'  Distillate  two-thirds  solid.  20  Distillate  one-sixth  solid. 

16  Distillate  four-fifths  solid.  21  Distillate  one-fifth  solid. 

17  Di.stillate  seven-eighths  solid.  22  Distillate  two-fifths  solid. 

18  Distillate  one-ninth  solid.  23  Distillate  one-seventh  solid.     23  pitch  plastic. 

19  Distillate  one-third  solid.  24  Distillate  three-fifths  solid. 


25  Pitch  soft  and  sticky. 

26  Pitch  very  soft  and  sticky. 

27  Pitch  hard  and  brittle. 
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material  and  the  method  of  manufacture;  the  operation,  known  as  "cracking,"  which 
is  used  to  increase  the  yield  of  the  inflammable  oils,  produces  an  excess  of  free  carbon. 

The  paraffin  petroleum  residuums  are  soft  and  greasy  and  are  not  suitable  for  road 
work;  they  contain  a  large  amount  of  the  paraffin  hydrocarbons  and  paraffin  scale  (crude 
paraffin). 

The  California  petroleum  residuums  resemble  asphalt,  and  if  carefully  distilled  with 
cracking  should  contain  little  or  no  free  carbon.     They  are  suited  to  road  work. 

The  Texas,  or  semi-asphaltic  petroleums  contain  some  paraffin  hydrocarbons  and  about 
1  per  cent  of  paraffin  scale.  Residuums  from  these  oils,  if  containing  a  relatively  small 
amount  of  paraffin,  can  be  successfully  used. 

The  required  properties  of  residuum  bituminous  binders  used  on  the  New  York  State 
roads  in  1922  are  given,  page  4.38. 

The  preceeding  tables  give  a  general  idea  of  the  relative  characteristics  of  the  crude 
petroleums  and  petroleum  residvuims. 

Tests  of  Bitumens  and  Their  Significance. — Bitumens  for  use  as  the  cementing  material 
in  road  construction  may,  according  to  their  source  and  characteristics,  be  divided  into  the 
two  general  classes  of  asphalt  and  tars. 

The  asphalts  suitable  for  use  as  the  cementing  agent  in  road  construction  are  produced 
either  by  reducing  asphaltic  base  petroleum  to  a  suitable  consistency  by  the  distillation 
process  or  by  softening  the  so-called  solid  asphalts  to  a  suitable  consistency  by  the  addition 
of  flux  produced  by  the  partial  distillation  of  petroleum. 

The  different  grades,  relative  to  consistency,  of  road  oils  are  usually  produced  by  the 
partial  reduction  of  asphaltic  base  petroleum. 

By  the  destructive  distillation  of  bituminous  coals  or  the  "cracking"  of  petroleum  oils 
during  the  carburetting  process  in  the  manufacture  of  water  gas,  crude  tars  are  produced. 
These  crude  tars  are  refined  or  reduced  bj^  distillation  to  a  suitable  consistency  for  use  in 
road  construction. 

Bitumens  are  used  in  road  construction  for  the  purpose  of  waterproofing  the  surface 
and  adding  to  the  mechanical  bond  of  the  mineral  aggregate  by  cementing  together  the 
finer  particles  of  mineral  matter,  thus  preventing  their  displacement  under  the  action  of 
traffic  and  retaining  them  in  the  road  surface  where  they  fill  the  interstices  between  the 
larger  stone  and  bind  them  together. 

The  desirable  characteristics  of  bituminous  material  for  road  building  purposes,  are 
first.  Adhesiveness,  second.  Non-susceptibility  to  changes  in  temperature,  and  third. 
Stability  or  "life."  The  chief  object  of  bituminous  material  specifications  is  to  make 
imperative  these  desirable  qualities  of  the  material. 

In  connection  with  testing  bituminous  materials  the  thought  should  be  kept  in  mind  that 
the  laboratory  results  obtained  in  the  different  tests  are  largely  for  comparative  purposes. 
By  this  means  new  or  but  little  used  materials  may  be  compared  with  materials  which  have 
proven  satisfactory  under  service  tests.  Also  laboratory  results  furnish  an  accurate  means 
of  specifying  the  exact  characteristics  of  the  material  desired  for  any  given  purpose. 

Adhesiveness. —  The  adhesiveness  of  the  material  is  provided  for  in  specifications  by 
suitable  requirements  of  ductility  and  toughness. 

The  ductility  and  toughness  tests  are  made  for  the  purpose  of  determining  the  adhesive 
and  binding  qualities  of  the  material  under  different  conditions  of  temperature.  The 
ductility  test  is  made  by  determining  the  distance  a  briquette  of  the  material,  having  a 
standard  cross-section  (1  sq.  cm.)  will  draw  out  before  breaking.  Since  temperature 
aiTects  the  results,  a  standard  temperature  of  77°F.,  has  been  adopted  generally  for  making 
this  test.  Experience  teaches  that  the  greater  the  distance  that  a  briquette  of  the  material 
will  stretch  out  before  breaking  the  more  sticky  and  adhesive  the  material.  This  test 
may  be  performed  in  a  rough  manner  by  pulling  out  a  small  roll  of  the  material  between  the 
finger.s.  Material  which  will  not  pull  out  to  a  long  thread  before  breaking  is  usually  spoken 
of  as  "short."  Such  materials  are  not  adhesive  or  sticky  and  it  is  extremely  difficult  to 
bind  a  road  with  them,  even  under  the  most  favorable  circumstances. 

As  stated,  the  ductility  test  is  usually  made  at  a  temperature  of  77°F.  and  thus  measures 
the  adhesiveness  of  the  material  at  a  rather  high  temperature.  To  obtain  an  indication 
of  the  character  of  the  material  at  a  low  temperature  the  Toughness  test  is  made  at  a 
temperature  of  32°F.     This  test  is  performed  by  dropping  a  weight  of  2  kg.  on  a  cylinder  of 
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the  material  1^^  in.  in  diameter  by  1  ^4  in.  in  height.  The  first  height  of  the  drop  i.s  usually 
from  a  distance  of  5  cm.  and  is  gradually  increased  until  rupture  of  the  cylinder  occurs. 
A  rough  field  test  for  toughness  may  be  performed  by  noting  whether  a  piece  of  the  material 
will  fracture  under  a  sharp  blow.  If  the  temperature  of  the  material  is  about  32°F.,  the 
results  will  he  more  indicative  of  the  character  of  the  material. 

Bitumens  which  are  brittle  or  which  give  a  low  toughness  result,  lose  their  binding  value 
in  cold  weather  and  roads  constructed  by  their  use  are  apt  to  ravel  and  break  up  under 
traffic. 

Bitumens  which  give  good  ductility  and  toughness  results  under  the  methods  outlined, 
will  give  satisfactory  results  as  the  cementing  medium  when  used  in  road  construction  jjro- 
vided  the  other  construction  details  have  been  properly  followed  out. 

In  connection  with  the  stickiness  and  adhesiveness  of  bitumens  the  fact  should  always 
be  kept  in  mind  that  their  purpose  in  road  construction  as  acementing  medium,  is  most 
effective  when  used  with  a  hard,  clean,  dry  mineral  aggregate.  As  the  departure  from  these 
qualities  of  the  mineral  aggregate  increase  so  also  are  increased  the  difficulties  of  getting  a 
satisfactory  road  surface  firmly  bound  together. 

^'  Susceptibility  to  Changes  in  Temperature. — The  susceptibility  to  changes  in  temper- 
ature is  shown  Ijy  the  relative  hardness  as  indicated  by  the  penetration  tests  at  different 
temperatures,  as  32°F.,  77°F.  and  115°F. 

The  consistency  of  asphalts  is  referred  to  as  the  "penetration."  The  penetration  test 
is  made  by  measuring  the  distance  in  hundredths  of  a  centimeter  that  a  standard  needle 
under  a  stated  load,  applied  for  a  stated  time,  will  penetrate  into  it  vertically.  These 
variable  factors  are  usually  as  follows: 

Needle — R.  J.  Roberts'  Parabola  "Sharps"  No.  2. 

at  32°F.  200  g.  weight,  1  min. 
at  77°F.  100  g.  weight,  5  sec. 
at  115°F.  50  g.  weight,  5  sec. 

The  material  which  is  the  most  susceptible  to  changes  in  temperature  will  show  the 
greatest  variation  in  penetration  under  varying  conditions  of  temperature.  Roads  con- 
structed by  the  use  of  materials  which  are  extremely  susceptible  to  changes  in  temperature 
become  soft  in  warm  weather,  mark  easily,  have  a  tendency  to  rut  and  become  wavy. 
In  cold  weather  this  material  becomes  very  hard  and  slippery  and  is  apt  to  be  brittle  and 
become  chipped  from  the  road  surface. 

In  addition  to  the  general  qualities  of  bitumens  which  are  shown  by  penetration  tests, 
this  test  is  used  in  specifications  to  define  within  narrow  limits  the  consistency  of  the 
material.  The  consistency  limits  placed  in  specifications  are  governed  by  the  climate 
and  the  type  of  construction  to  be  followed,  also  the  general  size  of  the  mineral  aggregate 
to  be  used.  When  the  penetration  method  of  construction  is  followed  it  is  necessary  to  use 
a  relatively  soft  asjDhalt  in  order  that  it  may  be  incorporated  in  the  road  surface.  In  the 
mixing  types  of  construction  a  harder  asphalt  may  be  incorporated  with  the  mineral  aggre- 
gate. The  use  of  a  hard  asphalt  together  with  a  graded  mineral  aggregate  gives  a  dense 
wearing  surface  that  does  not  readily  become  wavy  under  traffic. 

The  information  obtained  by  the  penetration  test  is  not  readily  checked  in  the  field 
without  the  aid  of  laboratory  apparatus,  but  as  a  general  rule  bitumens  which  are  suitable 
for  binders  are  plastic  when  "worked"  in  the  hands. 

Stability. — When  the  term  "Stability"  or  "Life"  is  used  in  reference  to  bitumens  it 
refers  to  the  quality  of  the  material  by  which  it  retains  its  characteristics,  over  a  long 
period  of  time.  The  laboratory  tests  which  indicate  this  property  are  the  evaporation  test, 
the  rotio  of  the  penetration  after  evaporation  to  the  original  penetration,  and  the  flash 
point. 

The  heating  or  evaporation  test,  is  made  by  placing  50  g.  of  the  material  in  a  flat-bot- 
tomed dish  2^f  6'ii^-  in  diameter  by  1^^  in.  in  depth.  This  is  placed  in  an  oven  maintained 
at  a  specified  temperature,  usually  325°F.  for  a  period  of  5  hours. 

This  test  may  be  considered  as  an  accelerated  test  on  the  material.  In  a  binder,  the 
percentage  lost_by  weight  together  with  the  resulting  hardening  as  shown  by  the  relative 
penetration,  i.e.,  the  ratio  of  the  original  penetration  to  the  penetration  after  evaporation, 
are  indicative  of  the  "life"  of  the  material.  The  less  the  evaporation  loss  and  the  less  the 
hardening  as  shown  by  the  relative  penetration  the  greater  will  be  the  "life"  of  the  material. 
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In  an  oil  used  for  surface  application  the  evaporation  test  shows  the  presence  and 
quantity  of  light  oils.  This  is  indicative  of  the  time  required  for  the  oil  to  "set  up"  after 
application  to  the  road  surface;  the  evaporation  from  the  large  surface  area  of  the  oil  as 
applied  to  the  road  being  roughly  comparable  with  evaporation  from  the  smallest  surface 
area  of  the  oil  exposed  at  the  higher  temperature  at  which  the  test  is  made. 

The  open  flash  test  is  made  by  heating  at  the  rate  of  about  10°F.  per  minute,  a  small 
quantity  of  the  material,  approximately  40  g.  in  a  dish  of  approximately  the  same  size 
as  the  dish  used  for  the  penetration  tests,  2^i6  in.  in  diameter  by  1  ^^  in.  in  depth.  A 
small  flame  from  a  capillary  tube  is  passed  over  the  surface  of  the  oil  at  each  increase  of  5° 
in  temperature. 

A  slight  "pufT"  or  explosion  indicates  the  flash  point  has  been  reached.  The  presence 
of  light  oils  or  distillates  is  indicated  by  a  low  flash  point.  The  flash  point  together  with 
the  evaporation  results  gives  an  indication  as  to  the  methods  and  materials  used  in  the 
manufacture  of  the  bitumen  which  is  being  tested. 

Unless  "cut-back"  materials  are  being  tested,  in  which  an  exceedingly  light  distillate 
as  naphtha  or  benzole  has  been  used  as  the  "cut-back"  agent,  considerable  "smoke"  will 
be  given  off  from  the  sample  before  the  flash  point  is  reached.  This  feature  should  be  kept 
in  mind  when  material  is  being  heated  for  application  in  the  field.  Material  should  never 
be  heated  in  the  field  to  a  point  when  it  smokes  profusely,  for  at  such  a  temperature  the 
material  is  being  "  burned  "  or  hardened  to  such  an  extent  that  it  loses  its  adhesiveness  and 
becomes  brittle  when  cold,  thus  failing  to  become  a  binding  or  cementing  agent  which  binds 
the  mineral  aggregate  of  the  road  together. 

The  same  "burning"  effect  on  the  material  is  produced  by  keeping  it  at  a  temperature 
below  the  "smoking  point"  for  a  long  period  (several  hours)  as  would  be  produced  at  a 
higher  temperature  for  a  shorter  period  of  time.  This  important  feature  should  always  be 
kept  in  mind  when  heating  material  for  application  in  the  field. 

Such  tests  as  those  for  water,  specific  gravity,  purity,  paraffine,  etc.  are  usually  placed 
in  specifications  in  addition  to  the  tests  which  govern  adhesiveness,  non-susceptibility  and 
stability  for  the  purpose  of  identification  of  materials  used,  methods  of  manufacture,  degree 
of  refinement  and  care  used  in  refining. 

The  presence  of  water  in  bituminous  materials  causes  frothing  when  heated  to  a  temper- 
ature of  about  212°F.  In  addition  to  the  difficulty  experienced  in  heating  material  con- 
taining water,  due  to  the  frothing,  an  even  application  or  distribution  to  the  road  of  such 
material  is  extremely  difficult  due  to  the  presence  of  the  froth  which  is  apt  to  be  applied 
rather  than  the  liquid  bitumen. 

Tests  for  specific  gravity,  purity,  paraffine,  etc.  require  laboratory  apparatus  to  get 
results  which  indicate  qualities  of  the  material.  The  information  obtained  by  these 
tests  cannot  be  obtained  by  field  tests. 

If  we  assume  that  a  suitable  bitumen  has  been  specified  and  obtained  for  construction 
work  in  which  a  bitumen  is  to  serve  as  the  cementing  material,  the  results  obtained,  relative 
to  the  bitumen,  will  depend  upon: 

1.  Not  over-heating  (by  high  temperature  or  long  time)  the  bitumen. 

2.  The  use  of  hard,  clean,  dry  stone. 

3.  Grading  of  the  mineral  aggregate  to  I'educe  the  voids  and  obtain  greater  density. 

4.  Thorough  and  uniform  incorporation  of  the  bitumen  with  the  mineral  aggregate. 

5.  Maximum  consolidation,  by  rolling  when  laid. 

When  bituminous  materials  which  may  be  applied  cold  are  to  be  applied  to  a  road  sur- 
face, that  surface  should  first  be  put  in  good  condition.  Surface  application  treatment  is 
for  the  purpose  of  preserving  a  road  which  is  in  good  condition  and  not  repairing  an  uneven 
road.  We  do  not  repair  a  house  by  painting  it;  rather  we  repair  the  house  and  then  paint 
it,  in  order  that  it  may  remain  in  good  condition.  An  attempt  to  build  up  a  road-wearing 
surface  by  the  use  of  bitumens  which  may  be  applied  cold  usually  results  in  a  surface 
which  is  easily  marked,  ruts  and  pushes  into  waves. 

The   following   detailed    description   of   Recent    Test    Methods   for 
asphalts  is  quoted  from  Brochure  8,  Asphalt  Association : 
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METHODS   OF  TESTING 

The  following  niethotls  of  testing;  :iro  these  to  which  reference  is  miide  in  the 
specifications.  Some  of  the  descriptions  have  been  condensed,  but  not  changed  in  any 
essential  particular. 

SPECIFIC  GRAVITY 

[Bulletin  314,  U.  S.  Dept.  Agriculture  p.  5.] 

Pycnometer  Method. — The  pycnometer,  shown  in  Fig.  1,  consists  of  a  fairly  heavy, 
straight-walled    glass    tube,    70    mm.    long    and    22    mm.    in    diameter,    carefully  ground 
to    receive    an    accurately    fitting    solid    glass    stopper    with    a    hole    of    1.6    mm.    bore 
in  place  of  the  usual  capillary  opening.     The  lower  part  of  this  stopper 
is  made  concave  in  order  to  allow  all  air  bubbles  to  escape  through  the  i — fr— i 

bore.     The  depth  of  the  cup-shaped  depression  is  4.8  millimeters  at  the  )   jj   ( 

center.     The  stoppered  tube  has  a  capacity  of  about  24  cubic  centimeters  [^^.-u.,  J 

and  when  empty  weighs  about  28  g. 

The  clean,  dry  pycnometer  is  first  weighed  empty  and  this  weight 
is  called  "a."  It  is  then  filled  in  the  usual  manner  with  freshly  distilled 
water  at  25°C.,  and  the  weight  is  again  taken  and  called  "6."  A  small 
amount  of  the  bitumen  should  be  placed  in  a  spoon  and  brought  to  a 
fluid  condition  by  the  gentle  application  of  heat,  with  care  that  no  loss 
by  evaporation  occurs.  When  sufficiently  fluid,  enough  is  poured  into 
the  dry  pycnometer,  which  may  also  be  warmed,  to  fill  it  about  half 
full,  without  allowing  the  material  to  touch  the  sides  of  the  tube  above 
the  desired  level.  The  tube  and  contents  are  then  allowed  to  cool  to 
room  temperature,  after  which  the  tube  is  carefully  weighed  with  the 
stopper.  This  weight  is  called  "  c."  Distilled  water,  at  25°C.,  is  then 
poured    in   until    the    pycnometer    is   full.     After    this    the    stopper    is  Fig.  1. — 

inserted,  and    the  whole  cooled  to  25°C'.  by  a  .30-min.  immersion  in  a         Pycnometer 
beaker  of  distilled  water  maintained  at  this  temperature.     All  surplus    (Hubbard  type), 
moisture  is  then  removed  with  a   soft   cloth,   and   the  pycnometer  and 
contents  are  weighed.      This  weight  is  called  "d."     From  the  weights  obtained  the  specific 
gravity  of  the  bitumen  may  be  readily  calculated  by  the  following  formula: 

Specific  gravity  25°C./25°C.    =  (^  _  ^)  I  °^  _  ,) 

The  specific  gravity  of  fluid  bitumen  may  be  determined  in  the  ordinary  manner  with 
this  pycnometer  by  completely  filling  it  with  the  material  and  dividing  the  weight  of  the 
bitumen  thus  obtained  by  that  of  the  same  volume  of  water. 


FLASH  POINT 

[Bulletin  314,  U.  S.  Dept.  Agriculture,  p.  17.] 

Open-cup  Method. — The  open-cup  oil  tester,  shown  in  Fig.  2,  consists  of  a  brass  oil  cup 
o  of  about  100  cubic  centimeter  capacity,  and  an  outer  vessel  b  which  serves  as  an  air 
jacket;  a  suitable  thermometer  c  is  suspended  from  the  wire  support  d  directly  over  the 
center  of  the  cup  so  that  its  bulb  is  entirely  covered  with  asphalt  but  does  not  touch  the 
bottom  of  the  cup.  The  testing  flame  is  obtained  from  a  jet  of  gas  passed  through  a  piece 
of  glass  tubing,  and  should  be  about  5  mm.  in  length. 

The  test  is  made  by  first  filling  the  oil  cup  with  the  material  under  examination  to  within 
about  5  mm.  of  the  top.  The  Bunsen  flame  is  then  applied  in  such  a  manner  that 
the  temperature  of  the  material  in  the  cup  is  raised  at  the  rate  of  5°C.  per  minute,  From 
time  to  time  the  testing  flame  is  brought  almost  in  contact  with  the  surface  of  the  asphalt. 
A  distinct  flicker  or  flash  over  the  entire  surface  of  the  asphalt  shows  that  the  flash  point 
is  reached  and  the  temperature  at  this  point  is  taken. 
34 
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PENETRATION 


-d 


[A.  S.  T.  M.  Standard  Test  D5-16.] 

I.   Definition.       (1)  Penetration. — Penetration  is  defined  as  the  consistency  of  a  bitu- 
minous material  expressed  as  the  distance  that  a  standard  needle  vertically  penetrates  a 
sample  of  the  material  under  known  conditions  of  loading,  time  and  temperature.      When 
the  conditions  of  test  are  not  specifically  mentioned,  the  load,  time  and  temperature  are 
understood  to  be  100  g.,  5  sec,  25°C.  (77°F.),  respectively,  and  the 
/^   A  units  of  penetration  to  indicate  hundredths  of  a  centimeter. 

V  II.  Apparatus.      (2)    Container. — The    container    for    holding    the 

material   to  be  tested  shall  be  a  flat-bottom,  cylindrical  dish,  55  mm. 
(2  ^-fe  in.)  in  diameter  and  35  mm.  (1%  in.)  deep.' 

3.  Needle.- — The  needle^  for  this  test  shall  be  of  cylindrical  steel 
rod  50.8  mm.  (2  in.)  long  and  having  a  diameter  of  1.016  mm.  (0.04 
in.)  and  turned  on  one  end  to  a  sharp  point  having 'a  taper  of  6.35 
mm.  0^  in.).^ 

4.  Water  Bath. — The  water  bath  shall  be  maintained  at  a  tempera- 
ture not  varying  more  than  0.1°C.  from  25°C.  (77°F.).  The  volume  of 
water  shall  not  be  less  than  10  1.  and  the  sample  shall  be  immersed  to 
a  depth  of  not  less  than  10  cm.  (4  in.)  and  shall  be  supported  on  a 
perforated  shelf  not  less  than  5  cm.  (2  in.)  from  the  bottom  of  the 
bath. 

5.   Apparatus  for  Penetration. — Any  apparatus  which  will  allow  the 

f    _Jb    _ZS  needle  to  penetrate  without  appreciable  friction,  and  which  is  accurately 

'"     calibrated  to  yield  results  in  accordance  with  the  definition  of  penetra- 
tion, will  be  acceptable. 

6.  Transfer  Dish  for  Container. — The  transfer  dish  for  container 
shall  be  a  small  dish  or  tray  of  such  capacity  as  will  insure  complete 
immersion  of  the  container  during  the  test  It  shall  be  provided  with 
some  means  which  will  insure  a  firm  V:)earing  and  prevent  rocking  the 
container. 

III.  Preparation  of  Sample.  (7)  Preparation  of  Sample. — The 
bid.  2.  Upen-cup  sample  shall  be  completely  melted  at  the  lowest  possible  temperature 
and  stirred  thoroughly  until  it  is  homogeneous  and  free  from  air 
bubbles.  It  shall  then  be  poured  into  the  sample  container  to  a  depth 
of  not  less  than  15  mm.  (^^  in.).  The  sample  shall  be  protected  from  dust  and  allowed 
to  cool  in  an  atmosphere  not  lower  than  18°C.  (65°F.)  for  1  hour.  It  shall  then  be 
placed  in  the  water  bath  along  with  the  transfer  dish  and  allowed  to  remain  1  hour. 

IV.  Testing.  (8)  Testing. — (a)  In  making  the  test  the  sample  shall  be  placed  in  the 
transfer  dish  filled  with  water  from  the  water  bath  of  sufficient  depth  to  completely  cover 
the  container.  The  transfer  dish  containing  the  sample  shall  then  be  placed  upon  the 
stand  of  the  penetration  machine.  The  needle,  loaded  with  specified  weight,  shall  be 
adjusted  to  make  contact  with  the  surface  of  the  sample.  This  may  be  accomplished 
by  making  contact  of  the  actual  needle  point  with  its  image  reflected  by  the  surface  of  the 
sample  from  a  properly  placed  source  of  light.  Either  the  reading  of  the  dial  shall  then  be 
noted  or  the  needle  brought  to  zero.  The  needle  is  then  released  for  the  specified  period 
of  time,  after  which  the  penetration  machine  is  adjusted  to  measure  the  distance  penetrated. 
At  least  three  tests  shall  be  made  at  points  on  the  surface  of  the  sample  not  less  than 
1  cm.  (%  in.)  from  the  side  of  the  container  and  not  less  than  1  cm.  (%  in.)  apart.  After 
each  test  the  sample  and  transfer  dish  shall  be  returned  to  the  water  bath  and  the  needle 
shall  be  carefully  wiped  toward  its  point  with  a  clean,  dry  cloth  to  remove  all  adhering 
bitumen.  The  reported  penetration  shall  be  the  average  of  at  least  three  tests  whose 
values  shall  not  differ  more  than  four  points  between  maximum  and  minimum. 

1  This  requirement  is  fulfilled  by  the  American  Can  Co  's  gill  style  ointment  box,  deep  pattern,  3- 
ounce  capacity. 

2  Journal  of  Agriculture  Research,  Vol.  V,  No.  24,  pp.  112.5-1126. 

3  Asphalt  Association  Note. — A  No.  2  Roberts  sewing  needle  which  has  been  carefully  checked  with  a 
standard  needle  may  be  used. 
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(6)  When  desirable  to  vary  the  temperature,  time  and  weight  and,  in  order  to  provide 
for  a  uniform  method  of  reporting  results  when  variations  are  made,  the  samples  shall  he 
melted  and  cooled  in  air  as  above  directed.  They  shall  then  be  immersed  in  water  or 
brine,  as  the  case  may  require,  for  1  hour  at  the  temperature  desired.  The  following 
combinations  are  suggested: 

At  0°C.  (32°F.)  200  gm.  weight,  60  sec. 

At  46.1°C.  (115°F.)  50  gm.,  weight,  5  sec. 

DUCTILITY 

[Trans.  A.  S.  C.  E.,  vol.  LXXXII,  1918,  p.  1460.] 

"A  briquette  of  the  material  to  be  tested  shall  be  formed  by  pouring  the  molten  material 
into  a  briquette  mold.  The  dimensions  of  the  briquette  shall  be:  1  cm.  (0.394  in.)  in  thick- 
ness throughout  its  entire  length;  distance  between  the  clips  or  end  pieces  3  cm.  (1.181  in.) ; 
width  of  asphalt  cement  section  at  mouth  of  clips,  1  cm.  (0.394  in.).  The  center  pieces  ai'C 
removable,  the  briquette  mold  being  held  together  during  molding  with  a  clamp  or  wire. 

"  The  molding  of  the  briquette  shall  be  done  as  follows:  The  two  center  sections  shall  be 
well  amalgamated  to  prevent  the  asphalt  cement  from  adhering  to  them,  and  the  briquette 
mold  shall  then  be  placed  on  a  freshly  amalgamated  brass  plate.  The  asphalt  cement  to  be 
tested,  while  in  a  molten  state,  shall  be  poured  into  the  mold,  a  slight  excess  being  added 
to  allow  for  shrinkage  on  cooling.  When  the  asphalt  cement  in  the  mold  is  nearly  cool,  the 
briquette  shall  be  cut  off  level,  with  a  warm  knife  or  spatula.  When  it  is  thoroughly  cooled 
to  the  temperature  at  which  it  is  desired  to  make  the  test,  the  clamp  and  the  two  side  pieces 
are  removed,  leaving  the  briquette  of  asphalt  cement  held  at  each  end  by  the  ends  of  the 
mold,  which  now  play  the  part  of  clips.  The  briquette  shall  be  kept  in  water  for  30  min.  at 
4°C.  (39°F.)  or  25°C.  (77°F.)  before  testing,  dependent  on  the  temperature  at  which  the 
ductility  is  desired.  The  briciuette  and  the  clips  attached  shall  then  be  placed  in  a  ductility 
test  machine'  filled  with  water  at  one  of  the  above  temperatures  to  a  sufficient  height  to 
cover  the  briquette  not  less  than  50  mm.  (1.969  in.).  This  machine  consists  of  a  rectangular 
water-tight  box,  having  a  movable  block  working  on  a  worm-gear  from  left  to  right.  The 
left  clip  is  held  rigid  by  placing  its  ring  on  a  short  metal  peg  provided  for  this  purpose;  the 
right  clip  is  placed  over  a  similar  rigid  peg  on  the  movable  block.  The  movable  block  is 
provided  with  a  pointer  which  moves  along  a  centimeter  scale.  Before  starting  the  test, 
the  centimeter  scale  is  adjusted  to  the  pointer  at  zero.  Power  is  then  applied  by  the  worm- 
gear  pulling  from  left  to  right  at  the  uniform  rate  of  5  cm.  (1.969  in.)  per  minute.  The 
distance,  in  centimeters,  registered  by  the  pointer  on  the  scale  at  the  time  of  rupture  of 
the  thread  of  asphalt  cement  shall  be  taken  as  the  ductility  of  the  asphalt  cement." 

VOLATILIZATION  TEST 

[Bulletin  314,  U.  S.  Dept.  Agriculture,  p.  19.] 

The  oven  shown  in  Fig.  3,  known  as  the  New  York  testing  laboratorj'  oven,  is  used  by 
the  Bureau  of  Public  Roads,  although  any  other  form  may  be  used  that  will  give  a  uniform 
temperature  throughout  all  parts  where  samples  are  placed.  The  bulb  of  one  of  the  thermo- 
meters is  immersed  in  a  sample  of  some  fluid,  nonvolatile  bitumen,  while  the  other  is  kept  in 
air  at  the  same  level.  The  first  thermometer  serves  to  show  the  temperature  of  the  samples 
during  the  test,  while  the  latter  gives  prompt  warning  of  any  sudden  changes  in  temperature 
due  to  irregularities  in  the  gas  pressure,  etc. 

Before  making  the  test  the  interior  of  the  oven  should  show  a  temperature  of  163°C. 
as  registered  by  the  thermometer  in  air.  A  round  tin  box  53^2  cm.  in  diameter  and 
3}^<2  cm.  deep  is  accurately  weighed  after  carefully  wiping  with  a  towel  to  remove 
any  grease  or  dirt.  About  50  g.  of  tne  material  to  be  tested  is  then  placed  in  the  box. 
The  material  may  then  be  weighed  on  a  rough  balance,  if  one  is  at  hand,  after  which  the 
accurate  weight,  which  should  not  vary  more  than  0.2  g.  from  the  specified  amount  is 
obtained.  It  may  be  necessary  to  warm  some  of  the  material  in  order  to  handle  it  conveni- 
ently, after  which  it  must  be  allowed  to  cool  before  determining  the  accurate  weight. 
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The  sample  should  now  be  placed  in  the  oven,  where  it  is  allowed  to  remain  for  a  period 
of  5  hours,  during  which  time  the  temperature  as  shown  by  the  thermometer  in  bitumen 
should  not  vary  at  any  time  more  than  2°C.  from  163°C.     The  sample  is  then  removed 

from  the  oven,  allowed  to  cool,  and  re- 
weighed.  From  the  difference  between 
this  weight  and  the  total  weight  before 
heating,  the  percentage  of  loss  on  the 
amount  of  material  taken  is  calculated. 
Highly  volatile  and  nonvolatile  ma- 
terials should  not  be  subjected  to  this 
test  at  the  same  time  in  the  same  oven, 
owing  to  a  tendency  on  the  part  of  the 
latter  to  absorb  some  of  the  volatile 
products  of  the  former. 

Some  relative  idea  of  the  amount  of 
hardening  which  has  taken  place  may 
be  obtained  from  the  results  of  a  float 
or  penetration  test  made  on  the  residue, 
as  compared  with  the  results  of  the  same 
tests  on  the  original  sample.  Before  any 
tests  are  made  on  the  residue,  it  should  be  melted  and  thoroughly  stirred  while  cooling. 


Fig.  .3. — New  York  Testing  Laboratory  oven. 


TOTAL  BITUMEN 
[Bulletin  314,  U.  S.  Dept.  Agriculture,  p.  25.] 

Gooch  Crucible  Method. — This  test  consists  in  dissolving  the  bitumen  in  carbon  disul- 

phide  and  recovering  any  insoluble  matter  by  filtering  the  solution  through  an  asbestos 

felt.     The  form  of  Gooch  crucible  best  adapted  for  the  determination  is  4.4  cm.  wide  at 

the  top,  tapering  to  3.6  cm.  at  the  bottom,  and  is  2.5  cm.  deep. 

For  preparing  the  felt  the  necessary  apparatus  is  arranged  as  shown  in  Fig.  4,  in  which  a 

is  the  filtering  flask,  b  a  rubber  stopper,  c  the  filter  tube,  and  d  a  section  of  rubber  tubing 

which  tightly  clasps  the  Gooch  crucible  c.     The  asbestos  is  cut  with  scissors  into  pieces  not 

exceeding  1  cm.  in  length,  after  which   it  is   shaken   up 

with  just  sufficient  water  to  pour  easily.     The   crucible 

is  filled  with  the  suspended  asbestos,  which  is  allowed  to 

settle  for  a  few  moments.     A  light  suction  is  then  applied 

to  draw  off  all  the  water  and  leave  a  firm  mat  of  asbestos 

in  the  crucible.     More  of  the  suspended  material  is  added, 

and  the  operation  is  repeated  until  the  felt  is  so  dense 

that  it  scarcely  transmits  light  when   held    so    that  the 

bottom  of  the  crucible  is  between  the  eye  and  the  source 

of  light.     The  felt  should  then   be  washed  several  times 

with  water  and  drawn  firmly  against  the  bottom  of  the 

crucible  by  an  increased  suction.     The  crucible  is  removed 
to  a  drying  oven  for  a  few  minutes,  after    which  it  is 

ignited   at  red  heat  over  a  Bunsen  burner,  cooled  in  a 
desiccator,  and  weighed. 

From  1  to  2  g.  of  the    bituminous   material    is   now 
placed  in  the  Erlenmeyer  flask,  which  has  been  previously 
weighed,  and    the    accurate    weight    of    the    sample    is 
obtained.     One  hundred  cubic  centimeters  of  chemically  Fig.  4. — -Apparatus  for  determin- 
pure  carbon  disulphide  is  poured  into  the  flask  in  small  ing  soluble  bitumen, 

portions,  with   continual  agitation,  until   all  lumps  dis- 
appear and  nothing  adheres  to  the  bottom.     The  flask  is  then  corked  and  set  aside  for 
15  min. 

After  being  weighed  the  Gooch  crucible  containing  the  felt  is  set  up  over  the  dry  pres- 
sure flask,  as  shown  in  the  figure,  and  the  solution  of  bitumen  in  carbon  disulphide  is 
decanted  through  the  felt  without  suction  by  gradually  tilting  the  flask,  with  care  not  to 
stir  up  any  precipitate  that  may  have  settled  out.     At  the  first  sign  of  any  sediment  coming 
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out,  the  decantation  is  stopped  and  the  filter  allowed  to  drain.  A  small  amount  of  carbon 
disulphide  is  then  washed  down  the  sides  of  the  flask,  after  which  the  precipitate  is  brought 
upon  the  felt  and  the  flask  scrubbed,  if  necessary,  with  a  feather  or  "policeman,"  to  remove 
all  adhering  material.  The  contents  of  the  crucible  are  washed  with  carbon  disulphide, 
until  the  washings  run  colorless.  Suction  is  then  applied  until  there  is  practically  no  odor  of 
carbon  disulphide  in  the  crucible,  after  which  the  outside  of  the  crucible  is  cleaned  with  a 
cloth  moistened  with  a  small  amount  of  the  solvent.  The  crucible  and  contents  are  dried 
in  a  hot-air  oven  at  100°C.  for  about  20  min.,  cooled  in  a  desiccator,  and  weighed.  If  any 
apprecialjle  amount  of  insoluble  matter  adheres  to  the  flask,  it  should  also  be  dried  and 
weighed,  and  any  increase  over  the  original  weight  of  the  flask  should  be  added  to  the 
weight  of  insoluble  matter  in  the  crucible.  The  total  weight  of  insoluble  material  may 
include  both  organic  and  mineral  matter.  The  former,  if  present,  is  burned  off  by  ignition 
at  a  red  heat  until  no  incandescent  particles  remain,  thus  leaving  the  mineral  matter  or  ash, 
which  can  be  weighed  on  cooling.  The  difference  between  the  total  weight  of  material 
insoluble  in  carbon  disulphide  and  the  weight  of  substance  taken  equals  the  total  bitumen, 
and  the  percentage  weights  are  calculated  and  reported  as  total  bitumen,  and  organic  and 
inorganic  matter  insoluble,  on  the  basis  of  the  weight  of  material  taken  for  analysis. 

This  method  is  quite  satisfactory  for  most  asphalts,  but  where  certain  lake  asphalts  are 
present  it  will  be  found  practically  impossible  to  retain  all  of  the  finely  divided  mineral 
matter  on  an  asbestos  felt.  It  is,  therefore,  generally  more  accurate  to  obtain  the  result 
for  total  mineral  matter  by  direct  ignition  of  a  1-g.  sample  in  a  platinum  crucible.  The 
total  bitumen  is  then  determined  by  deducting  from  100  per  cent  the  sum  of  the  percentages 
of  total  mineral  matter  and  organic  matter  insoluble.  If  the  presence  of  a  carbonate 
mineral  is  suspected,  the  percentage  of  mineral  matter  may  be  most  accurately  obtained 
by  treating  the  ash  from  a  fixed  carbon  determination  with  a  few  drops  of  ammonium  car- 
bonate solution,  drying  at  100°C.,  then  heating  for  a  few  minutes  at  a  dull  red  heat,  cooling, 
and  weighing  again. 

When  difficulty  in  filtering  is  experienced — for  instance,  when  Trinidad  asphalt  is 
present  in  any  amount — a  period  of  longer  subsidence  than  15  min.  is  necessary,  and  the 
following  method  proposed  by  the  Committee  on  Standard  Tests  for  Road  Materials  of  the 
American  Society  for  Testing  Materials  is  recommended.' 

From  2  to  15  g.  (depending  on  the  richness  in  bitumen  of  the  substance)  is  weighed  into 
a  150-c.c.  Erlenmeyer  flask,  the  tare  of  which  has  been  previously  ascertained,  and  treated 
with  100  c.c.  of  carbon  disulphide.  The  flask  is  then  loosely  corked  and  shaken  from  time 
to  time  until  practically  all  large  particles  of  the  material  have  been  broken  up,  when  it  is 
set  aside  and  not  disturbed  for  48  hours.  The  solution  is  then  decanted  off  in  a  similar  flask 
that  has  been  previously  weighed,  as  much  of  the  solvent  being  poured  off  as  possible  with- 
out disturbing  the  residue.  The  first  flask  is  again  treated  with  fresh  carbon  disulphide  and 
shaken  as  before,  when  it  is  put  away  with  the  second  flask  and  not  disturbed  for  48  hours. 

At  the  end  of  this  time  the  contents  of  the  two  flasks  are  carefully  decanted  off  upon  a 
weighed  Grooch  crucible  fitted  with  an  asbestos  filter,  the  contents  of  the  second  flask  being 
passed  through  the  filter  first.  The  asbestos  filter  shall  be  made  of  ignited  long-fiber 
amphibole,  packed  in  the  bottom  of  a  Grooch  crucible  to  the  depth  of  not  over  one-eighth 
of  an  inch.  After  passing  the  contents  of  both  flasks  through  the  filter,  the  two  residues  are 
shaken  with  more  fresh  carbon  disulphide  and  set  aside  for  24  hours  without  disturbing,  or 
until  it  is  seen  that  a  good  subsidation  has  taken  place,  when  the  solvent  is  again  decanted 
off  upon  the  filter.  This  washing  is  continued  until  the  filtrate  or  washings  are  practically 
colorless. 

The  crucible,  and  both  flasks  are  then  dried  at  125°C.  and  weighed.  The  filtrate  con- 
taining the  bitumen  is  evaporated,  the  bituminous  residue  burned,  and  the  weight  of  the  ash 
thus  obtained  added  to  that  of  the  residue  in  the  two  flasks  and  the  crucible.  The  sum  of 
these  weights  deducted  from  the  weight  of  substance  taken  gives  the  weight  of  bitumen 
extracted. 

BITUMEN  SOLUBLE  IN  CARBON   TETRACHLORIDE 

[Bulletin  314,  U.  S.  Dept.  Agriculture,  p.  30.] 
Gooch  Crucible  Method. — This  determination  is  made  in  exactly  the  same  manner  as 
described  under  "Total  Bitumen"  using  carbon  tetrachloride  as  a  solvent  instead  of  carbon 
disulphide. 

1  Proc.  Am.  Soc.  Testing  Materials,  1909,  vol.  IX,  p.  221. 
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The  percentage  of  bitumen  soluble  is  reported  upon  the  basis  of  total  bitumen  taken  as 
100.  Thus  if  the  percentage  soluble  in  carbon  tetrachloride  should  be  found  to  be  98.5  per 
cent  and  the  percentage  soluble  in  carbon  disulphide  99.0  per  cent  the  percentage  of  total 
bitumen  soluble  in  carbon  tetrachloride  would  be 

98.5 

QK-n   =99.6  per  cent 

MELTING  POINT 

[A.  S.  T.  M.  Standard  Method  D  36-19.] 

Ring  and  Ball  Method. —  (l)  Thesofteningof  bituminous  materials  generally  takes  place 
at  no  definite  moment  or  temperature.  As  the  temperature  rises,  they  gradually  and 
imperceptibly  change  from  a  brittle  or  exceedingly  thick  and  slow-flowing  material  to  a 
softer  and  less  viscous  liquid.  For  this  reason  the  determination  of  the  softening  point 
must  be  made  by  a  fixed,  arbitrary  and  closely  defined  method  if  the  results  obtained  are 
to  be  comparable. 

I.  Apparatus. —  (2)    The  apparatus  shall  consist  of  the  following: 

Ring 

(a)  A  brass  ring  15.875  mm.  (%  in.)  inside  diameter  and  6.35  mm.  (J^  in.)  deep;  thick- 
ness of  wall,  2.38  mm.  (^^2  in-);  permissible  variation  on  inside  diameter  and  thickness 
of  ring,  0.25  mm.  (0.01  in.).  This  ring  shall  be  attached  in  a  convenient  manner  to  a  No. 
15  B.  &  S.  gage  brass  wire  (diameter  1.79  mm.   =  0.0703  in.).     See  Fig.  5. 

(6)  A  steel  ball  9.53  mm.  0-$  in.)  in  diameter  weighing  between  3.45  and  3.55  g. 

Container 

(c)  A  glass  vessel,  capable  of  being  heated,  not  less  than  9  cm.  (3.54  in.)  in  diameter 
by  13  cm.  (5.12  in.)  deep.     (A  600-c.c.  beaker.     Griffin  low  form,  meets  this  requirement.) 


Thermometer 

(d)  A  thermometer  which  shall  conform  to  the  following  specifications: 

Total  length,  370-400  mm.  (14.57-15.75  in.). 

Diameter,  6.5-7.5  mm.  (0.256-0.295  in.). 

Bulb  length,  not  over  14  mm.  (not  over  0.55  in.). 

Bulb  diameter,  4.5-5.5  mm.  (0.177-0.217  in.). 

The  scale  shall  be  engraved  upon  the  stem  of  the  thermometer,  shall  bo  clear  cut  and 
distinct,  and  shall  run  from  0  to  80°C.  (32  to  176°F.)  in  }i°C.  divisions.  It  shall  com- 
mence not  less  than  7.5  cm.  (2.95  in.)  above  the  bottom  of  the  bulb.  The  thermometer 
shall  be  furnished  with  an  expansion  chamber  at  the  top  and  have  a  ring  for  attaching  tags. 
It  shall  be  made  of  a  suitable  quality  of  glass  and  be  so  annealed  as  not  to  change  its  read- 
ings under  conditions  of  use.  It  shall  be  correct  to  0.25°C.  (0.45°F.)  as  determined  by  com- 
pari.son  at  full  immersion  with  a  similar  thermometer  calibrated  at  full  immersion  by  the 
United  States  Bureau  of  Standards. 


Preparation  op  Sample 

II.  Preparation  of  Sample. —  (.3)  The  sample  shall  be  melted  and  stirred  thoroughly, 
avoiding  incorporating  air  bubbles  in  the  mass,  and  then  poui-ed  into  the  ring  so  as  to  leave 
an  excess  on  cooling.  The  ring,  while  being  filled,  should  rest  on  a  brass  plate  which  has 
been  amalgamated  to  prevent  the  bituminous  material  from  adhering  to  it.  After  cooling, 
the  excess  material  should  be  cut  off  cleanly  with  a  slightly  heated  knife. 

III.  Testing. —  (o)  Bituminous  Materials  having  Softening  Points  90°C.  (194°F.)  or 
below. 
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Assembling 

4.  Assemble  the  apparatus  as  shown  in  Fig.  5.  Fill  the  glass  vessel  to  a  depth  of 
substantially  8.25  cm.  (3.25  in.)  with  freshly  boiled,  distilled  water  at  5°C.  (41°F.).  Place 
the  ball  in  the  center  of  the  upper  surface  of  the  bitumen  in  the  ring  and  suspend  it  in  the 
water  so  that  the  lower  surface  of  the  filled  ring  is  exactly  2.54  cm.  (1  in.)  above  the  bottom 
of  the  glass  vessel  and  its  upper  surface  is  5.08  cm.    (2  in.)  below  the  surface  of  the  water. 


Assembly 
of  Apparatus. 

Fig.  5. — Ring  and  ball  apparatus 


Proper    Poiition 
of    Ball. 


Allow  it  to  remain  in  the  water  for  15  min.  before  applying  heat.  Su.spend  the  thermometer 
so  that  the  bottom  of  the  bulb  is  level  with  the  bottom  of  the  ring  and  within  0.635  cm 
(J^  in.),  but  not  touching,  the  ring. 


I 


Heating 

5.  Apply  the  heat  in  such  a  manner  that  the  temperature  of  the  water  is  raised  5°C 
(9°F.)  each  minute. 

Softening  Point 

6.  The  temperature  recorded  by  the  thermometer  at  the  instant  the  bituminous  material 
touches  the  bottom  of  the  glass  vessel  shall  be  reported  as  the  softening  point. 


Permissible  Vari.^tion  in  Rise  of  Temperature 

7.  The  rate  of  rise  of  temperature  shall  be  uniform  and  shall  not  be  averaged  over  the 
period  of  the  test.  The  maximum  permissible  variation  for  any  minute  period  after  the 
first  three  shall  be  +  0.5°C.  (0.9°F.).  All  tests  in  which  the  rate  of  rise  in  temperature 
exceeds  these  limits  shall  be  rejected. 

(b)   Bituminous  Materials  having  Softening  Points  above  90°C.  (194 °F.). 
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Modification  for  Hard  Materials 

8.  Use  the  same  method  as  given  under  (a)  except  that  glycerin  shall  be  used  instead 
of  water. 

Accuracy 

IV.  Accuracy.— (9)   The  limit  of  accuracy  of  the  test  is  ±0.5°C.  (0.9°F.). 

Precautions 

V.  Precautions. —  (10)  The  use  of  freshly  boiled,  distilled  water  is  essential,  as  otherwise 
air  bubbles  may  form  on  the  specimen  and  affect  the  accuracj^  of  the  results.  Rigid  adher- 
ence to  the  prescribed  rate  of  heating  is  absolutely  essential  to  secure  accuracy  of  results. 

A  sheet  of  paper  placed  on  the  bottom  of  the  glass  vessel  and  conveniently  weighted 
will  prevent  the  bituminous  material  from  sticking  to  the  glass  vessel,  thereby  saving  con- 
siderable time  and  trouble  in  cleaning. 

Cement. — There  are  five  different  classes  of  cement,  Portland, 
Natural,  Pozzolan,  Iron  Ore,  and  Magnesia  cements.  Of  these  the 
Portland  is  usually  specified. 

Portland  cement  is  the  term  applied  to  the  finely  pulverized  produce 
resulting  from  the  calcination  to  incipient  fusion  of  an  intimate  mixture 
of  properly  proportioned  argillaceous  and  calcareous  materials,  and  to 
which  no  addition  greater  than  3  per  cent  has  been  made  subsequent  to 
calcination.     (Am.  Soc.  for  Testing  Materials,  1915 — page  353.) 

Natural  cement  is  the  term  applied  to  the  finely  pulverized  product 
resulting  from  the  calcination  of  an  argillaceous  limestone  at  a  tempera- 
ture only  sufficient  to  drive  off  the  carbonic  acid  gas.  (Am.  Soc.  for 
Testing  Materials,  1915— p.  352.) 

Portland  cements  are  usually  heavier,  stronger,  slower  setting,  and 
more  uniform  than  the  natural  cements  and  are  generally  used  for  road 
structures,  such  as  culverts,  retaining  walls,  etc.  Portland  cement  is 
practically  the  only  cement  used  to  any  extent  in  the  United  States  at 
the  present  time.  The  few  manufacturers  of  natural  cement  who  were 
retaining  a  hold  on  the  market  some  few  years  back  when  the  production 
of  Portland  cement  was  expensive,  are  finding  it  difficult  to  compete 
with  this  latter  product  at  its  present  price  and  quality. 

The  following  is  the  standard  specification  for  portland  cement  as 
adopted  by  the  American  Society  of  Civil  Engineers  and  the  American  _ 
Society  for  Testing  Materials : 

First:  Specific  Gravity. — The  specific  gravity  of  cement  shall  not  be  less  than  3.10. 
Should  the  test  of  cement  as  received  fall  below  this  requirement,  a  second  test  may  be 
made  upon  a  sample  ignited  at  a  low  red  heat.  The  loss  in  weight  of  the  ignited  cement 
shall  not  exceed  4  per  cent. 

Second:  Fineness. — It  shall  leave  by  weight  a  residue  of  not  more  than  8  per  cent  on 
the  number  100,  and  not  more  than  25  per  cent  on  the  number  200  sieve. 

Third:  Time  of  Setting. — It  shall  not  develop  initial  set  in  less  than  30  min.;  and 
must  develop  hard  set  in  not  less  than  1  hour,  nor  more  than  10  hours. 

Fourth:  Tensile  Strength. — The  minimum  requirements  for  tensile  strength  for  briquettes 
1  sq.  in.  in  cross-section  shall  be  as  follows  and  the  cement  shall  show  no  retrogression  in 
strength  within  the  periods  specified: 
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Age 


Strength, 
pounds 


24  hours  in  moist  air 

7  days  (1  day  in  moist  air,  6  days  in  water) . . 
28  days  (1  day  in  moist  air,  27  days  in  water) 


175 
500 
600 


One  Part  Cement — Three  Parts  Standard  Ottawa  Sand 


7  days  (1  day  in  moist  air,  6  days  in  water) .  . 
28  days  (1  day  in  moist  air,  27  days  in  water) 


200 
275 


Fifth:  Constancy  of  Volume. — Pats  of  neat  cement  about  3  in.  in  diameter,  }-2  in. 
thick  at  the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  24 
hours. 

(o)  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed  at  Intervals  for  at 
least  28  days. 

(6)  Another  pat  is  kept  in  water  maintained  as  near  70°F.  as  practicable,  and  observed 
at  intervals  for  at  least  28  days. 

(c)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam,  above 
boiling  water,  in  a  loosely  closed  vessel  for  5  hours. 

These  pats,  to  satisfactorily  pass  the  requirements,  shall  remain  firm  and  hard,  and  show 
no  signs  of  distortion,  checking,  cracking  or  disintegrating. 

Sixth:  Chemical  Composition. — The  cement  shall  not  contain  more  than  1.75  per  cent 
of  anhydrous  sulphuric  acid  (SO^.  nor  more  than  4  per  cent  of  magnesia  (MgO). 

The  equipment  used  in  testing  cement  are  standardized  in  detail 
and  can  be  obtained  in  the  "Year  Book"  pubhshed  by  the  American 
Society  for  Testing  Materials  or  Committee  Report  on  "Uniform  Tests 
of  Cement"  of  the  American  Society  of  Civil  Engineers  1922. 


CONCRETE  MATERIALS 

Fine  Aggregate. — Fine  aggregate  for  use  in  cement  or  asphaltic 
concrete  should  consist  of  sand  free  from  any  deleterious  matter.  Any 
sand  which  shows  a  coating  on  the  grains  should  not  be  used  until  satis- 
factorily cleansed  by  washing. 

The  following  tests  are  made  on  sand  to  determine  its  suitability  for 
use  in  different  classes  of  concrete : 


1.  Gradation. 

2.  Percentage  of  voids. 

3.  Percentage  of  loam  or  slit. 

4.  Organic  impurities. 

5.  Resistance  to  abrasion. 

6.  Compressive  or  tensile  strength  in  cement  mortar, 


538 


RURAL  HIGHWAY  PAVEMENTS 

Mechanical  Analysis  of  Aggregates 

Table  1. — A.  S.  T.  M.  Standard  Sieves 


Mesh        I     Unit  of 
designation      measure 


Actual 
mesh 


Opening 


Wire 
diameter 


Permissible  variations 


Mesh 


Diameter 


101 


20» 


30 


401 


50 


80 


1001 


2001 


cm. 
in. 


cm. 
in. 


cm. 
in. 


cm. 
in. 


cm. 

in. 


cm. 
in. 


cm. 
in. 


3.9 
9.9 

8.0 
20.3 

12.0 
30.5 

16.0 
40.6 

20.0 
50.8 

31.0 

78.7 

39.0 
99.1 

79.0 
200.7 


0.200 
0.079 

0.085 
0.0335 

0.050 
0.0197 

0.036 
0.0142 

0.029 
0.0114 

0.017 
0.0067 

0.014 
0.0055 

0.0074 
0.0029 


0.056 
0.022 

0.040 
0.0157 

0.033 
0.0130 

0.026 
0.0102 

0.021 
0.0083 

0.015 
0.0059 

0.0116 
0 . 0046 

0.0053 
0.0021 


0.04 
0.1 

0.2 
0.5 

0.4 
1.0 

0.6 
1.5 

0.8 
2.0 

1.0 
3.0 

1.0 
3.0 

3.0 
8.0 


0.005 
0.002 

0.0015 
0.0006 

0.0012 
0.0005 

0.0010 
0.0004 

0.0010 
0.0004 

0.0008 
0 . 0003 

0.0008 
0.0003 

0.0005 
0.0002 


1  It  is  recommended  that  for  routine  tests  except  for  fine  aggregate  for  hot  mixed 
bituminous  surfaces,  the  M-in.  screen  and  these  sieves  be  used. 


STANDARD   METHOD  FOR   MAKING  A  MECHANICAL  ANALYSIS    OF   BROKEN 
STONE,  BROKEN  SLAG,  OR  GRAVEL  PEBBLES 

(A.  S.  T.  M.  Standard  Method,  Serial  Designation:  D18-16,  slightly  modified)  Agg's 
Construction  of  Roads  and  Pavements. 

The  method  shall  consist  of  drying  at  not  over  110°C.  (230°F.)  to  a  con.stant  weight  a 
sample  weighing  in  pounds  six  times  the  diameter  in  inches  of  the  largest  holes  required ; 
passing  the  sample  through  such  of  the  following  size  screens  having  circular  openings  as  are 
required  or  called  for  by  the  specifications,  screens  to  be  used  in  the  order  named:  8.89  cm. 
(3M  in.),  7.62  cm.  (3  in.),  6.  35  cm.  (2^  in.),  5.08  cm.  (2  in.),  3.81  cm.  (1>^  in.),  3.18  cm. 
{lyi  in.),  2.54  cm.  (1  in.),  1.90  cm.  (%  in.),  1.27  cm.  (>^  in.),  and  0.64  cm.  {^i  in.);  deter- 
mining the  percentage  by  weight  retained  on  each  screen;  and  recording  the  mechanical 
analysis  in  the  following  manner: 

Passing  0.64  cm.  ( J-^-in.)  screen 

Passing  1.27  cm.  (J'^-in.)  screen  and  retained  on  a  0.64  cm.  {]^^-in.)  screen.  . 
Passing  1.90  cm.  (%-in.)  screen  and  retained  on  a  1.27  cm.  (^'^-in.)  screen) . 
Pas.sing  2.54  cm.  (1-in.)  screen  and  retained  on  a  1.90  cm.  (^^-in.)  screen  . 


per  cent 
per  cent 
per  cent 
per  cent 
per  cent 


100.00  per  cent 
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STANDARD  METHOD  FOR  MAKING  A  MECHANICAL  ANALYSIS  OF  SAND  OR 
OTHER  FINE  HIGHWAY  MATERIAL 

(A.  S.  T.  M.  Standard  Method,  Serial  Designation:  D7-18,  slightly  modified) 

Adopted,  1919.     Revised  1916,  1918 

The  method  shall  consist  of  drying  at  not  over  110°C.  (230°F.)  to  a  constant  weight 
of  a  sample  weighing  of  from  100  gm.  to  500  gm.;  passing  the  sample  through  each  of  the 
mesh  sieves  (American  Society  for  Testing  Materials  standard  sieves)  specified  in  Table  1;^ 
determining  the  percentage  by  weight  retained  on  each  sieve,  the  sifting  being  continued 
on  each  sieve  until  less  than  1  per  cent  of  the  weight  retained  on  each  sieve  shall  pass 
through  the  sieve  during  the  last  minute  of  sifting;  and  recording  the  mechanical  analysis  in 
the  following  manner: 

Passing  200-mesh  sieve per  cent 

Passing  100-mesh  sieve  and  retained  on  a  200-mesh  sieve per  cent 

Passing  80-mesh  sieve  and  retained  on  a  100-mesh  sieve per  cent 

Passing  50-mesh  sieve  and  retained  on  a  80-mesh  sieve per  cent 

per  cent 


100.00  per  cent 


MAKING  A  MECHANICAL  ANALYSIS  OF  MIXTURES  OF  SAND  OR  OTHER  FINE 
MATERIAL  WITH  BROKEN  STONE,  BROKEN  SLAG  OR  GRAVEL  PEBBLES 

(A.  S.  T.  M.  Standard  Method,  Serial  Designation:  D19-16) 

The  method  shall  consist  of  drying  at  not  over  110°C.  (230°F.)  to  a  constant  weight  a 
sample  weighing  in  pounds  six  times  the  diameter  in  inches  of  the  largest  holes  required; 
separating  the  sample  by  the  use  of  a  screen  having  circular  openings  0.64  cm.  (J^^-in.)  in 
diameter;  examining  the  portion  retained  on  the  screen  in  accordance  with  the  Standard 
Method  for  Making  a  Mechanical  Analysis  of  Broken  Stone  or  Broken  Slag,  except  for 
Aggregates  Used  in  Cement  Concrete  (Serial  Designation:  D18)  of  the  American  Society 
for  Testing  Materials;  examining  the  portion  passing  this  screen  in  accordance  with  the 
Standard  Method  for  Making  a  Mechanical  Analysis  of  Sand  or  Other  Fine  Highway 
Material,  except  for  Fine  Aggregates  of  Sand  or  Other  Fine  Highway  Material,  except 
for  Fine  Aggregates  Used  in  Cement  Concrete  (Serial  Designation  D7)  of  the  American 
Society  for  Testing  Materials;  and  recording  the  mechanical  analysis  in  the  following 
manner: 

Passing  200-mesh  sieve per  cent 

Passing  100-mesh  sieve  and  retained  on  a  200-mesh  sieve per  cent 

Passing  80-mesh  sieve  and  retained  on  a  100-mesh  sieve per  cent 

Passing  20-mesh  and  retained  on  80-mesh. 

Passing  10-mesh  sieve  and  retained  on  a  20-mesh  sieve per  cent 

Passing  0.64-cm.  (J'^-in.)  screen  and  retained  on  a  10-mesh  sieve per  cent 

Passing  1.27-cm.  (J^-in.)  screen  and  retained  on  a  0.64-cm.  (J'^-in.)  screen.  per  cent 
Passing  1.90-cm.  (%-in.)  screen  and  retained  on  a  1.27-cm.  (j^^-in.)  screen.  per  cent 
per  cent 


100.00  per  cent 

TEST    FOR    LOAM 

Field  Test. — It  is  convenient  to  have  a  graduated  tube  but  any  tall  bottle  will  do. 
Fill  bottle  or  tube  about  \z  or  half  full  of  sand  to  be  tested.  Add  water  till  bottle  or  tube 
is  nearly  full.  Stopper  the  top,  turn  into  a  horizontal  position  and  shake  vigorously. 
Change  quickly  to  vertical  position  and  leave  for  24  hours  without  disturbing.     The 

1  Note. — The  order  in  which  the  sieves  are  to  be  used  in  the  process  of  sifting  is  immaterial  and 
shall  be  left  optional,  but  in  reporting  results  the  order  in  which  the  sieves  have  been  used  shall  be 

stated. 
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clay  and  loam  will  settle  on  top  in  a  more  or  less  clearly  defined  degree  the  amount  of  which 
can  be  easily  measured.  This  method  is  sufficiently  close  for  check  field  tests.  The  Stand- 
ard Laboratory  Test  is  described  below. 

Test  for  Amount  of  Clay  and  Silt  in  Sand  or  Fine  Aggregate. — The  sample  as  received 
shall  be  moistened  and  thoroughly  mixed,  then  dried  to  constant  weight  at  a  temperature 
between  100°C.  (212°F.)  and  110°C.  (230°F.). 

Five  hundred  (500)  grams  representative  of  the  dried  sample  shall  be  placed  in  a  dried 
and  accurately  weighed  pan  or  vessel  having  vertical  sides  and  provided  with  a  pouring 
lip.  This  pan  shall  be  substantially  22.9  cm.  (9  in.)  in  diameter  by  not  less  than  10.2  cm. 
(4  in.)  deep.  Pour  sufficient  water  in  the  pan  to  cover  the  same  (about  225  c.c).  Agitate 
vigorously  for  fifteen  (15)  seconds  and  then  pour  off  the  water  into  a  tared  evaporating 
dish,  taking  care  not  to  pour  off  any  sand.  Repeat  until  the  wash  water  is  clear,  using  a 
glass  rod  to  stir  the  material  for  the  last  few  washings. 

Thoroughly  dry  the  pan  and  washed  sand  in  an  oven  at  between  100°C.  (212°F.)  and 
110°C.  (230°F.),  weigh  and  determine  net  weight  of  sand. 

Compute  the  per  cent  of  clay  and  silt  as  follows: 
Original  weight —weight  after  washing  •  ,    ,  ,    ., 
Original  weight ^  ^^^  =  P^'"  "^^^  °^  ^^^^  ^^^  "''*• 

For  a  check  on  the  results,  evaporate  the  wash  water  to  dryness  and  weigh  the  residue. 
Weight  of  residue  ^^  .    ,  ,    ., 

Original  weight^  ^  ^^^  =  P^''  ^^^^  ^^  '''^^  =^"^  ^'^^- 

Test  for  Amount  of  Clay  and  Silt  in  Gravel. — The  sample  as  received  shall  be  moistened 
and  thoroughly  mixed,  then  dried  to  constant  weight  at  a  temperature  between  100°C. 
(212°F.)  and  110°C.  (230°F.). 

A  representative  portion  of  the  dry  material,  weighing  not  less  than  50  times  the  weight 
of  the  largest  stone  in  the  sample,  shall  be  selected  from  the  sample,  and  placed  in  a  dried 
and  accurately  weighed  pan  or  vessel.  The  pan  shall  be  30.2  cm.  (12  in.)  in  diameter  by 
not  less  than  10.2  cm.  (4  in.)  deep,  so  nearly  as  may  be  obtained.  Pour  sufficient  water 
in  the  pan  to  cover  the  gravel  and  agitate  vigorously  for  fifteen  (15)  seconds,  using  a  trowel 
or  stirring  rod.  Allow  to  settle  for  fifteen  (15)  seconds,  and  then  pour  off  the  water  into  a 
tared  evaporating  dish,  being  careful  not  to  pour  off  any  sand.  Repeat  until  the  wash 
water  is  clear. 

Dry  the  washed  material  to  constant  weight  in  an  oven  at  between  100°C.  (212°F.)  and 
110°C.  (230°F.),  weigh  and  determine  net  weight  of  gravel. 

Compute  the  per  cent  of  clay  and  silt  as  follows: 

Original  weight— weight  after  washing         ^^  ^    ,  ,    -, 
^  •  •     j ^^rr X  100  =  per  cent  of  clay  and  silt. 

Colorimetric  Test  on  Concrete  Aggregate. — The  test  to  be  used  is  described  in  the 
"Proceedings  of  the  American  Society  for  Testing  Materials,  Philadelphia,  Pennsylvania, 
Volume  XIX,  Par.  1,  1919.  Appendix  to  Report  of  Committee  C-9  on  Concrete  and 
Concrete  Aggregates,"  and  is  as  follows: 

The  test  as  usually  made  consists  of  shaking  the  sand  thoroughly  in  a  dilute  solution  of 
sodium  hydroxide  (NaOH)  and  observing  the  resultant  color  after  the  mixture  has  been 
allowed  to  stand  for  a  few  hours.  Fill  a  12-oz.  graduated  perscription  bottle  to  the  4J^^ 
oz.  mark  with  the  sand  to  be  tested.  Add  a  3  per  cent  solution  of  sodium  hydroxide  until 
the  volume  of  the  sand  and  solution,  after  shaking,  amounts  to  7  oz.  Shake  thoroughly 
and  let  stand  for  24  hours.  Observe  the  color  of  the  clear  liquid  above  the  sand.  A  good 
idea  of  the  quality  of  the  sand  can  be  formed  earlier  than  24  hours,  although  this  period  is 
believed  to  give  best  results. 

If  the  solution  resulting  from  this  treatment  is  colorless,  or  has  a  light  yellowish  color, 
the  sand  may  be  considered  satisfactory  in  so  far  as  organic  impurities  are  concerned. 
On  the  other  hand,  if  a  dark  colored  solution  of  a  color  deeper  than  that  indicated  is 
produced,  the  sand  should  not  be  used  in  high-grade  concrete  such  as  that  required  in 
roads  and  pavements,  or  in  building  construction. 

Color  Values. — While  it  is  not  practicable  to  give  exact  values  for  the  reduction  in 
strength  corresponding  to  the  different  colors  of  solution,  the  tests  made  thus  far  show  this 
relation  to  be  about  as  follows. 
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Color  number.    Actual  color  prints  can  be  obtained 
from  Cement  Assoc. 


Reduction  in  compressive 
strength  of  1.3  mortar  at 
7  and  28  days,  per  cent 


Fig.  1 . 
Fig.  2 . 
Fig.  3 . 
Fig.  4 . 
Fig.  5 . 


none 
10-20 

15-30  ; 

25-50 
50-100 


Washing  dirty  sands  has  the  effect  of  greatly  reducing  the  quantity  of  organic  impuri- 
ties. However,  even  after  washing,  sands  should  be  examined  in  order  to  determine 
whether  the  organic  impurities  have  been  reduced  to  harmless  proportions. 

The  following  list  includes  sufficient  apparatus  for  making  five  field  tests  at  a  time: 

Five  12-oz.  graduated  prescription  bottles;  stock  of  3  per  cent  solution  of  sodium 
hydroxide  (dissolve  1  oz.  of  sodium  hydroxide  in  enough  water  to  make  32  oz.). 

This  test  does  not  give  satisfactory  results  when  lignite  is  present  in  the  sand.  Lignite 
is  a  mineral  coal  of  recent  geological  orgin.  It  is  kuown  commonly  as  "Brown"  or  "Sud" 
coal. 

Water  Tests. — Water  must  be  clean  and  pure,  free  from  organic  impurities  or  oily 
content. 

The  usual  tests  are  for 

1.  Organic  impurities  (see  page  540). 

2.  Alkaline  or  acidre  actions.  This  is  determined  by  the  common  litmus  paper 
test  and  if  a  strong  acid  or  alkaline  reaction  is  shown,  the  water  should  be  rejected. 

Proposed  Abrasion  Test  for  Fine  Aggregate. — The  following  is  suggested  as  a  tentative 
method^  for  determining  the  resistance  of  the  fine  aggregate  to  abrasion.  The  fine  aggre- 
gate is  washed  and  dried  at  a  temperature  not  exceeding  110°C.  All  material  retained 
on  the  3'^-in-  sieve,  and  all  material  passing  a  standard  50-mesh  sieve  is  discarded.  Five 
hundred  (500)  grams  of  the  portion  passing  a  3'^-in.  screen  and  retained  on  a  50-mesh  sieve 
are  placed  in  a  Deval  abrasion  cylinder  with  a  charge  of  250  g.  of  ^{e-in-  commercial  steel 
bearing  balls  (21  balls  weigh  practically  250  g.).  The  weight  of  the  balls  is  to  be  within 
1  per  cent  of  the  required  250  g.  The  charge  in  the  Deval  abrasion  cylinder  is  rotated  for 
2,000  revolutions  at  the  rate  of  33  r.p.m.  The  sample  of  sand  is  removed  and  sieved  over  a 
100-mesh  sieve.  The  sample  is  preferably  divided  in  three  portions  for  sieving,  the  sieving 
being  completed  over  a  white  sheet  of  paper,  and  is  continued  until  practically  no  dust 
passes  the  sieve  when  shaken  for  1  min.  The  portion  retained  on  the  100-mesh  sieve  is 
weighed.  Five  hundred  (500)  grams,  minus  the  weight  of  the  samples  retained  on  the 
100-mesh  after  abrasion,  is  taken  as  the  loss  on  abrasion.  This  weight  divided  by  5  gives  the 
percentage  of  wear. 

Slump  Test  for  Consistency  of  Concrete. — For  the  determination  of  the  consistency 
either  in  the  field  or  in  the  laboratory  the  committee  proposed  the  use  of  the  4  by  8  by  12 
conical  frustum. 

In  making  the  test,  the  thoroughly  cleaned  frustum  should  be  placed  on  a  level  non- 
absorbent  surface  and  filled  with  3-in.  layers  of  concrete.  During  filling,  the  mold  should 
be  held  down  by  the  operator  placing  his  toes  on  the  lip  at  the  bottom  of  the  mold.  As  each 
layer  of  material  is  introduced  it  should  be  puddled,  with  a  )^-in.  rod  to  distribute  the 
material  uniformly. 

After  the  upper  layer  has  been  placed  the  top  shall  be  struck  off  and  the  mold  removed 
by  slowly  pulling  it  vertically  upward.  The  height  of  the  frustum  shall  be  measured  and  the 
slump  calculated  from  the  difference  of  the  height  of  the  mold  and  the  frustum. 

In  making  the  slump  test  in  the  laboratory  or  in  the  field  it  is  recommended  that  the 
form  be  filled  immediately  after  mixing  and  withdrawn  3  min.  after  mixing  has  been 
completed. 

'  Agg's  "Construction  of  Roads  and  Pavements." 
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When  central  mixing  plants  are  used,  slump  tests  shall  he  made  at  the  plant  and  at  the 
end  of  the  haul.  At  the  plant  the  sample  of  concrete  shall  be  taken  after  the  entire  batch 
has  been  discharged  from  the  mixer.  At  the  end  of  the  haul  the  slump  sample  shall  be 
taken  from  the  batch  after  it  has  been  dumped  on  the  subgrade.  The  slump  at  the  points 
of  deposition  shall  be  suitable  for  the  particular  type  of  finish  employed.      (See  page  264.) 

In  order  to  secure  suitable  qualities,  minimum  requirements  deter- 
mined from  the  above  tests  should  be  definitely  specified.  For  asphaltic 
concrete  sand  requirements  see  page  550. 

The  following  specifications  are  now  being  used  by  Highway  Depart- 
ments in  several  of  the  States  in  regard  to  Cement  Concrete  Sand. 

Sand  for  use  in  Portland  cement  concrete  roads  shall  be  of  the  follow- 
ing gradation:  100  per  cent  shall  pass  a  34-in.  screen,  not  more  than  20 
per  cent  shall  pass  a  50  sieve  and  not  more  than  6  per  cent  shall  pass  a 
100  sieve.  Sand  may  be  rejected  for  this  class  if  it  contains  more  than 
5  per  cent  of  loam  and  silt.  Mortar  in  the  proportion  of  one  part  of 
cement  to  three  parts  of  the  sand,  shall  develop  a  compressive  or  tensile 
strength  at  least  equal  to  the  strength  of  a  similar  mortar  of  the  same 
age,  composed  of  the  same  cement  and  standard  Ottawa  sand. 

Sand  for  use  in  foundations,  culverts,  retaining  walls,  etc.  shall  not 
contain  more  than  8  per  cent  of  loam  and  silt.  Mortar  in  the  proportion 
of  one  part  of  cement  to  three  parts  of  the  sand,  when  tested  shall  develop 
a  compressive  or  tensile  strength  of  at  least  80  per  cent  of  the  strength 
of  a  similar  mortar  of  the  same  age,  composed  of  the  cement  and  standard 
Ottawa  sand. 

Screenings  if  substituted  wholly  or  in  part  for  the  above  sand,  should 
meet  the  following  requirements: 

They  shall  be  free  from  dust  coating  or  other  dirt.  One-hundred  per 
cent  shall  pass  a  3'^-in.  screen  and  not  more  than  6  per  cent  shall  pass 
a  No.  100  sieve.  Mortar  in  the  proportions  of  three  parts  of  the  screenings 
or  mixed  screenings  and  sand,  with  1  part  of  cement  shall  develop  a 
strength  equal  to  a  sand  for  which  it  is  to  be  substituted. 

The  best  and  safest  way  in  the  selection  of  a  concrete  sand  is  to 
have  a  fair  representative  sample  from  the  deposit  listed.  After  this 
is  found  to  meet  the  requirements,  it  is  necessary  to  have  constant  and 
careful  field  inspections  and  tests  made  as  the  deposit  is  worked. 

The  use  of  screenings  is  not  advisable  on  any  concrete  work,  except 
where  a  good  grade  of  sand  is  not  available.  When  used  the  product 
must  be  inspected  constantly  and  tested  as  it  is  likely  to  vary  to  a 
considerable  degree.  Screenings  from  the  softer  limestones  should  not 
be  used  as  the  material  is  apt  to  "ball"  in  the  mixer. 

Sand  used  for  grout  in  brick  and  stone  block  pavement  must  be  fine 
enough  to  ensure  it  getting  between  the  joints  of  the  block,  but  an 
excessively  fine  sand  should  be  avoided  as  it  weakens  the  grout.  Some 
states  and  many  municipalities  require  the  grout  sand  to  pass  a  No. 
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20  sieve  and  not  more  than  30  per  cent  pass  a  No.  100  sieve.  Such 
sand  should  not  contain  more  than  5  per  cent  of  loam  and  silt. 

9.  Coarse  Aggregate. — Coarse  aggregate  for  use  in  structural  concrete 
should  be  of  hard,  durable  stone  gravel  or  blast  furnace  slag  (see  table  of 
tests)  free  from  coating  of  any  kind.  For  use  in  concrete  pavement, 
stone  and  gravel  should  be  hard,  tough  and  absolutely  clean.  For  use 
in  culverts,  retaining  walls,  etc.  stone,  gravel  or  slag  should  be  of  sound, 
unweathered  material,  clean  and  free  from  coating.  It  should  not 
contain  more  than  10  per  cent  of  soft  stone  or  shale.  Gravel  containing  a 
large  percentage  of  thin  flat  stone  should  not  be  used.  Detail  Test 
Methods  follow. 

For  reinforced  concrete  the  size  of  the  stone  is  usually  3^^  to  1  in.  in 
order  to  facilitate  the  compacting  of  the  concrete  between  the  reinforcing 
bars  or  mesh.  For  plain  concrete  a  mixed  size  is  used  ranging  from  3^^ 
to  33^^  in.;  a  scientifically  graded  stone  reduces  the  amount  of  mortar 
required,  but  the  structures  in  road  work  are  so  small  that  it  does  not  pay 
to  attempt  to  reduce  the  voids  in  this  manner  and  the  size  that  is  available 
is  used,  varying  the  proportions  of  mortar  to  get  a  dense  product.  For 
extensive  concrete  pavement  of  the  first  class  graded  sizes  are  feasible. 

The  use  of  slag  in  concrete  is  still  a  debatable  matter  but  if  proven  to 
be  reasonable  will  add  materially  to  the  source  of  concrete  materials. 
All  the  indications  and  service  tests  seem  to  indicate  that  it  is  suitable 
for  paving  bases  but  that  its  use  for  concrete  roads  is  to  be  avoided  unless 
other  suitable  materials  are  prohibitive  in  cost. 

Weight  per  Cubic  Foot  and  Void  Tests  on  Coarse  Aggregate. — The  weight  per  cubic  foot 
of  coarse  aggregate  shall  be  determined  as  follows: 

A  cylindrical  measure  of  at  least  j-i-cxi.  ft.  capacity  with  inside  diameter  approximately 
equal  to  inside  height,  or  a  box  approximately  cubical  in  shape  and  of  not  less  than  3"^- 
cu.  ft.  capacity  should  be  used. 

Ordinarily,  the  determination  should  be  made  on  aggregate  in  air-dry  condition.  When 
the  aggregate  contains  an  appreciable  amount  of  moisture,  the  percentage  of  water  by 
weight  should  be  determined  and  recorded. 

About  }y'i  of  the  total  amount  of  aggregate  necessary  to  fill  the  measure  is  first  intro- 
duced in  such  manner  as  to  avoid  separation  of  sizes.  This  material  is  then  shaken  down 
by  rocking  the  measure  from  side  to  side  until  no  further  settlement  takes  place.  The 
process  is  repeated  until  the  measure  has  been  filled  to  overflowing,  after  which  it  is  struck 
off  level  with  the  top  with  a  straight  edge  and  weighed. 

The  percentage  of  voids  in  the  aggregate  may  be  determined  from  the  weight  per  cubic 
foot  and  specific  gravity  in  the  usual  manner. 

Method  of  Determining  the  Weight  of  Fine  Aggregate  per  Cubic  Foot. — For  tests  on 
fine  aggregate  use  a  cylindrical  metal  measure  having  inside  diameter  equal  to  inside  depth. 
A  measure  of  capacity  of  ^.^to  }i  eu.  ft.  is  suggested,  but  a  measure  as  small  as  3'^ocu.  ft. 
capacity  may  be  used. 

Ordinarily  the  weight  per  cubic  foot  should  be  determined  on  air-dry  material.  When 
the  aggregate  contains  an  appreciable  amount  of  moisture  the  percentage  of  water  by  weight 
should  be  determined  and  recorded. 

Fill  the  measure  one-third  full,  puddle  with  25  to  30  strokes  from  a  li-^n.  round  steel 
bar  20  in.  long,  pointed  at  the  lower  end.      Continue  filling  and  puddling  in  like  manner 
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until  the  measure  is  full,  then  strike  off  the  top  by  a  rolling  motion  with  the  bar. 
Determine  the  weight  of  the  contents  of  the  measure  and  calculate  the  weight  in  pounds 
per  cubic  foot. 

Specific  Gravity  and  Absorption  Tests  on  Stone  or  Other  Coarse  Materials. — The 
apparent  specific  gravity  is  obtained  by  weighing  the  water  displaced  by  a  sample  of  the 
material  weighing  approximately  1,000  gm.,  broken  into  pieces  about  1^^  in.  in  diameter. 
A  special  type  of  vessel  is  used.  It  consists  of  a  galvanized  iron  cylinder  closed  at  one 
end,  and  measuring  5  in.  in  diameter  by  8  in.  high.  A  brass  spout  ^^  in.  in  diameter  is 
soldered  into  the  side  of  the  cylinder  6  in.  from  the  bottom.  The  spout  is  inclined  at  an 
angle  of  2  with  the  horizontal  and  is  2^-^  in.  long.  A  notch  is  filed  across  its  lower  end,  as 
shown,  to  stop  the  drip  from  the  displaced  water.  In  determining  the  specific  gravity, 
the  dried  and  cooled  sample  is  weighed  to  the  nearest  0.5  gm.  and  immersed  in  water  for  24 
hours.  The  pieces  are  then  individually  surface-dried  with  a  towel,  the  sample  reweighed 
and  immediately  placed  in  the  cylinder,  which  has  been  filled  previously  to  overflowing 
with  water  at  room  temperature. 

The  weight  of  water  displaced  by  the  sample  is  used  to  calculate  its  apparent  specific 
gravity.  The  difference  between  the  original  weight  of  the  sample  and  its  weight  after  24 
hours,  is  used  to  determine  the  absorption. 

Abrasion  Test  for  Gravel. — The  aggregate  is  screened  first  through  screens  having 
circular  openings  2  in.,  13^^  in.,  1  in.,  %  in.  and  ^-^  in.  in  diameter.  The  sizes  used  for  this 
test  are  divided  equally  between  those  passing  the  2  in.  and  retained  on  a  l3'^-in.  screen, 
passing  a  l^'^-in.  screen  and  retained  on  1-in.  screen,  passing  a  1-in.  screen  and  retained  on  a 
f^-in.  screen,  passing  a  M-in.  screen  and  retained  on  a  ^^-in.  screen.  The  material  of 
these  sizes  is  washed  and  dried.  The  following  weights  of  the  dried  stone  are  then  taken: 
1,250  g.  of  the  size  passing  the  2  in.  and  retained  on  the  1  J-^-in.  screen,  1,250  g.  of  the  size 
passing  the  1^^  in.  and  retained  on  the  1-in.  screen,  1,250  g.  passing  the  1-in.  screen  and 
retained  on  the  ^i-in.  screen,  and  1,250  g.  passing  the  M-in.  screen  and  retained  on  the 
^^-in.  screen.  This  material  is  placed  in  the  cast-iron  cylinder  of  the  Deval  machine,  as 
specified  for  the  standard  abrasion  test  on  stone.  Six  cast-iron  spheres  1.875  in.  in  diameter 
and  weighing  approximately  0.95  lb.  (0.45  kg.)  each,  are  placed  in  the  cylinder  as  an  abrasive 
charge.  The  spheres  are  the  same  as  those  used  in  the  standard  paving  brick  rattler  test. 
After  the  cast-iron  spheres  have  been  placed  in  the  cylinder  the  lid  is  bolted  on  and  the 
cylinder  mounted  in  the  frame  of  the  Deval  machine.  The  duration  of  the  test  and  the 
rate  of  rotation  are  the  same  as  specified  for  the  standard  test  for  stone,  namely,  10,000 
revolutions  at  the  rate  of  30  to  33  r.p.m.  At  the  completion  of  the  test  the  material  is 
taken  out  and  screened  through  a  16-mesh  sieve.  The  material  retained  upon  the  sieve 
is  washed  and  dried  and  the  per  cent  loss  by  abrasion  of  the  material  passing  the  16-mesh 
sieve  calculated. 

When  the  materials  have  a  specific  gravity  below  2.20  a  total  weight  of  4,000  g.,  made 
up  of  the  four  groups  of  sizes  described  above,  instead  of  5,000  g.  shall  be  used  in  the 
abrasion  test. 

Proposed  Test  for  Percentage  of  Shale  in  Gravel. — It  is  suggested  that  for  the  sepa- 
ration of  shale  and  other  light  unsatisfactory  pieces  from  concrete  aggregate,  a  solution  of 
zinc  chloride  (ZnCl2)  or  some  other  satisfactory  liquid  having  a  specific  gravity  of  approxi- 
mately 1.95  be  used.  A  sample  of  the  pebbles  should  be  first  dried  to  constant  weight  at 
not  over  110°C.,  then  placed  in  a  container  of  suitable  size  partially  filled  with  the  solution. 
Agitate  for  5  min.  skim  off  the  lighter  materials  and  then  pour  the  solution  through  a 
sieve  which  will  retain  the  pebbles.  Repeat  operatiori  until  entire  sample  has  been  sepa- 
rated. Dry  to  constant  weight,  measure  the  volume  of  retained  material  and  compute  the 
percentage  by  volume  of  shale  or  other  soft  material. 

Test  for  Clay  in  Sand-clay,  Top-soil  and  Semi-gravel. — Dry  500  g.  of  the  material  at  a 
temperature  below  350°F.  (176. 6°C.)  to  a  constant  weight.  Gently  pulverize  to  break 
down  soft  clods  or  masses,  but  not  to  grind  or  break  hard  material.  Pass  through  a  10-mesh 
sieve,  weigh  the  coarse  residue  and  record  as  "coarse  material."  Use  the  material  passing 
through  the  10-mesh  sieve  as  the  starting  point  of  a  percentage  analysis  as  follows: 

Weigh  out  two  samples  of  50  g.  of  this  material  for  duplicate  analysis.  Place  each  in  a 
tared  wide  mouth  bottle  (5  to  6  cm.  diameter  and  about  12  to  15  cm.  high).       Add    about 
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5  c.c.  of  dilute  ammonia  water  and  about  200  c.c.  of  water.  Close  with  a  cork  or  glass 
stopper  and  shake  thoroughly  for  20  min.  Allow  the  sample  to  settle  8  min.  and 
decant  carefully  or  siphon  off  the  supernatant  liquid  to  a  depth  of  8  cm.  below  the  surface 
of  the  liquid.  (The  depth  of  the  liquid  in  the  bottle  should  be  sufficient  to  leave  about  4 
cm.  below  the  point  of  siphoning.)  Fill  the  bottle  again  with  water,  shake  for  3  min. 
allow  settlement,  and  siphon  off  as  before.  Repeat  the  process  until  the  supernatant 
liquid  is  clear.  Be  careful  to  wash  the  stopper  and  neck  of  the  bottle  free  from  coarse 
material  before  decanting. 

Dry  bottle  and'  washed  material  to  constant  weight  at  between  100°C.  (212  F.)  and 
110°C.  (230°F.),  weigh  and  determine  net  weight  of  washed  material. 

Original  weight  — washed  weight 

,    .   . — ; r^, X  100  =  per  cent  clay  and  silt. 

Original  weight 

As  a  check  the  washings  drawn  off  shall  be  collected  and  evaporated  to  dryness  for 
direct  recovery  of  the  fine  sediment  classed  as  clay  and  silt. 

Weight  of  residue 

^  .  . — ; r^. X  100  =  per  cent  clay. 

Original  weight 

The  determinations  on  the  two  samples  shall  check  within  1  per  cent  to  be 
acceptable. 

Tests  for  Semi-gravel,  Top-soil  and  Sand-clay. — Wash  the  contents  of  the  bottle 
cleanlj^  into  a  porcelain  evaporating  dish  and  carry  to  dryness  on  a  water  bath.  The 
dried  residue  should  be  carefully  scraped  from  the  dish  and  passed  through  a  nest  of  20-, 
60-,  100-  and  200-mesh  sieves.  The  residue  retained  on  each  sieve  is  weighed  and  recorded 
as  sand  of  the  respective  sizes.  Their  sum  constitutes  the  total  "sand."  The  residue 
passing  the  200-mesh  sieve  and  caught  in  the  pan  is  weighed  and  recorded  as  "  silt."  Dupli- 
cate samples  should  check  within  1  per  cent. 

(a)  The  coarse  material  should  be  examined  for  hardness  and  with  the  magnifying 
glass  to  identify  its  character  as  quartz,  hard  iron  compounds,  feldspar,  schistose  material, 
or  indurated  clay.  Hard  quartz  or  iron  gravels  are  valuable  in  themselves  and  as  indi- 
cating the  quality  of  the  finer  aggregate.  Feldspar,  mica,  and  clay  nodules  are  worthless 
and  indicate  that  the  accompanying  soil  is  poor  for  road  building. 

(fe)  The  sands  should  be  examined  with  the  magnifying  glass  for  identification  as  quartz 
and  for  the  presence  of  mica  scales  or  feldspar  needles.  If  mica  or  feldspar  is  present  in 
appreciable  amounts  the  sample  should  be  rejected. 

(ic)  When  the  clay  is  recovered  by  evaporation  it  can  be  examined  for  tenacity  by 
cementing  together  two  glass  plates,  each  1  in.  wide,  set  at  right  angles,  with  a  layer  of 
clay  whose  thickness  is  fixed  by  a  fine  bent  wire  laid  between  the  plates.  The  moist  clay 
covers  the  wire  on  one  plate,  and  the  other  plate  is  squeezed  down  tightly  on  the  wire. 
After  drying,  the  1  plate  held  firmly  against  cleats,  wire  slings  are  run  symmetrically  from  the 
ends  of  the  upper  plate  to  one  arm  of  a  beam  balance,  and  the  tension  necessary  to  separate 
the  plates  is  given  by  shot  or  weights  in  the  other  pan  of  the  balance.  This  test  is  tedious 
and  is  of  service  chiefly  on  low-grade  samples  which  are  of  doubtful  efficiency,  but  which 
represent  the  only  available  material  for  local  construction. 

(d)   Approximate  tests  for  tenacity  of  mixture  can  be  made  as  follows: 

Make  cylinders  from  the  material  passing  the  10-mesh  sieve,  25  mm.  The  material 
is  worked  into  a  stiff  mud  and  molded  under  132  kg.  per  square  centimeter  pressure.  Dry 
thoroughly  at  100°C.  (212°F.)  and  break  by  the  small  Page  impact  machine  for  testing 
cementing  value,  using  a  1-kg.  hammer  and  1-cm.  drop.  Record  the  number  of  strokes  as 
the  relative  measure  of  tenacity. 

Usually  the  plastic  character  and  adhesiveness  of  a  good  road  soil  can  be  judged  by  the 
feeling  of  the  mud  made  from  this  material,  its  adherence  to  the  hands,  and  its  stretch  under 
light  pulling. 
35 
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NEW  JERSEY  SPECIFICATIONS 

91.  Requirements  Governing  Materials 

91A.  General  Conditions  Governing  Their  Use. 

No  materials  shall  be  used  which  do  not  conform  with  the  requirements  therefor  as  herein 
defined.  All  materials  used  in  the  construction  of  any  of  the  items  of  work  given  in  the 
Estimate  of  Quantities  or  in  any  additional  or  extra  work  that  may  be  performed  by  the 
Contractor,  as  herein  provided,  shall  be  furnished  by  the  Contractor.  The  materials 
required  for  the  different  items  of  construction  are  given  under  said  items.  The  require- 
ments governing  the  use  of  patented  materials,  products  or  processes  are  given  in  Article 
14.  Samples  of  acceptable  materials  are  on  file  at  the  Laboratory  of  the  Department, 
Taylor  and  Quarry  Place,  Trenton,  New  Jersey,  and  will  be  shown  to  prospective  bidders 
upon  request.      No  materials  shall  be  used  until  tested  and  released  by  the  Testing  Engineer. 

Railroad  cars  or  barges,  used  for  transporting  such  road  materials  as  stone,  gravel,  slag, 
sand,  bituminous  filler,  Portlandcement,  bituminous  cement,  oils,  tars,  etc.,  must  be  clean 
when  any  of  these  road  materials  are  depo.sited  therein.  Materials  shipped  in  cars,  the 
sides  or  bottoms  of  which  are  coated  with  coal  dust,  manure,  ashes,  c;ay,  loam,  earth,  hay, 
straw,  etc.,  will  be  rejected  regardless  of  the  quality  of  said  materials.  Railroad  cars  con- 
taining broken  sides  or  bottoms  must  be  repaired  before  any  materials  are  deposited 
therein. 

Trucks,  wagons  or  other  vehicles  used  in  hauling  or  transporting  road  materials  must  be 
kept  clean,  in  proper  working  condition,  have  strong,  substantial  bodies  which  will  prevent 
materials  from  escaping  therefrom  during  transit,  and  be  approved  by  the  Engineer  before 
being  used. 

Materials  which  have  been  approved  before  shipment  and  are  injured  in  transit,  during 
unloading  or  handling  at  the  site  of  the  work,  shall  not  be  used  until  reapproved.  During 
handling  of  all  stone,  sand  or  other  materials  which  are  to  be  used  in  concrete  extra  care 
must  be  taken  that  no  earth  or  subgrade  gets  mixed  therewith. 

All  bituminous  cements  shall  be  shipped  ready  for  use  without  further  fluxing  at  the 
mixing  plant  or  roadside.  Each  carload  of  bituminous  or  Portland  cement  must  be  sampled 
and  released  before  being  used.  Such  samples  may  be  taken  before  shipment  under 
special  arrangement  in  each  case  with  the  Department,  or,  in  default  thereof,  must  be 
taken  by  the  Engineer  or  Inspector  on  arrival  at  the  terminal  nearest  the  work,  or  at  any 
other  convenient  point.  Carloads  of  stone,  sand,  gravel  and  bituminous  paving  mixtures 
shall  be  carefully  examined  by  the  Inspector,  but  shall  not  be  unloaded  until  released  by 
him.  Materials  appearing  defective  shall  be  sampled  and  held  until  the  sample  taken  has 
been  tested  by  the  Testing  Engineer.  Any  material  condemned  by  the  Engineer  shall  be 
removed  at  once  from  the  roadway. 

Cement  and  other  materials  liable  to  damage  from  the  elements  by  exposure  must  be 
stored  in  proper  structures  which  will  prevent  them  from  becoming  damaged.  The  method 
of  storing  and  handling  explosives  and  highly  inflammable  materials  will  be  governed  by 
the  local  regulations  therefor. 

The  quantities  of  materials  required  shall  be  determined  by  weight  unless  otherwise 
specified.     The  railroad  shipping  weights  shall  govern  in  deciding  the  actual  amount  fur- 
nished or  used.     The  Contractor,  when  requested,  shall  furnish  the  Department  with  the 
freight  bills  of  all  materials  received. 
91B.  Conditions  Governing  Approval  of  Materials. 

No  materials  will  be  approved  for  use  which  do  not  comply  with  the  requirements  given 
therefor.  The  approval  of  a  given  material  is  in  effect  only  as  long  as  the  material  supplied 
is  of  the  same  character  and  composition  as  the  sample  approved.  The  approval  of  a 
material  for  a  particular  purpose  or  for  use  in  a  specified  manner  does  not  approve  its  use  for 
any  other  purpose  or  manner. 
91C.  Methods  Used  in  Testing  Materials. 

The  methods  to  be  used  in  testing  the  materials  given  herein  are  those  on  file  at  the 
office  of  the  Department  at  Trenton,  and  will  be  furnished  to  producers  or  manufacturers 
upon  application. 
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92.  Broken  Stone 

All  broken  stone,  regardless  of  type,  must  not  contain  more  than  five  (5)  per  cent  of 
weathered  or  partly  decomposed  rock.  When  used  in  concrete  or  to  be  coated  with  a 
bituminous  material  it  must  be  free  from  pieces  coated  or  partly  coated  with  mud,  clay, 
loam  or  other  foreign  material,  and  must  not  contain  any  other  type  of  stone  having  a 
higher  per  cent  of  wear  than  that  specified  for  the  stone  itself.  All  such  stone  must  be 
shipped  in  clean  cars.  Stone  shipped  in  dirty  cars  will  be  rejected.  Any  one  given 
type  of  broken  stone,  as  shipped,  must  not  contain  over  ten  (10)  percent  of  any  other  type 
of  stone.  Approved  stone  of  different  types  cannot  be  mixed  during  use,  nor  used  inter- 
mittently for  any  one  given  item  of  construction.  All  orders  for  crushed  or  broken  stone 
must  state  purpose  for  which  it  is  to  be  used. 

All  stone  must  not  contain  more  than  five  (5)  per  cent  of  slabs,  flat  or  elongated  pieces, 
the  width  of  which  is  less  than  five  (5)  per  cent  of  the  length.  The  various  stone  fragments 
compo.sing  any  particular  size  shall  be  uniformly  distributed  throughout  the  mass  of 
stone,  as  shipped.  When  two  (2)  or  more  sizes  of  stone  are  mixed  to  secure  any  particular 
specified  size,  the  mixing  must  be  done  before  the  stone  is  loaded  into  the  shipping  vehicle. 
The  following  methods  are  suggested: 

Simultaneously  feeding  on  belt  conveyor  proper  proportions  of  the  different  sizes. 
Feeding  proper  proportions  of  the  different  sizes  through  converging  chutes  into  the  bin 
or  stock  pile  from  which  the  material  is  to  be  shipped. 

Reversing  screen  plates  or  other  arrangement  of  screens,  which  will  insure  a  properly 
graded  material  of  the  sizes  desired. 

Shipments  containing  piies  or  layers  of  broken  stone  that  are  not  uniform  will  be 
rejected. 

Stone  intended  for  use  in  any  Portland  cement  concrete  or  to  be  coated  with  a  bitumen, 
in  addition  to  meeting  the  above  requirements,  must  not  contain  more  than  ten  (10)  per 
cent  of  stone  coated  or  partly  coated  with  stone  dust.  Stone  which  has  become  coated 
with  mud,  loam,  clay  or  other  foreign  material,  either  during  transit  or  after  receipt  on  site 
of  work,  must  not  be  used  and  shall  be  removed  from  the  highway  or  storage  site. 
92A.  Sizes. 

Permissible  variations  as  to  size  of  stone  are  shown  in  the  table  below  for  each  size  and 
grade  of  stone.  This  table  shows  the  minimum  and  maximum  allowable  percentages 
passing  the  different  screens  and  sieves.  The  screens  and  sieves  designated  in  the  table  are 
those  used  in  the  laboratory  of  the  Department. 

Whenever  the  words  Trap,  Granite,  Dolomite,  Limestone  Gneiss,  Sandstone  or  Quartzite 
are  used  in  these  specifications,  the  rocks  designated  thereby  shall  comply  with  the  follow- 
ing additional  requirements  respectively. 

Trap  Rock:  A  basic  igneous  rock  consisting  principally  of  augite  and  plagioclase.  It 
must  be  of  medium  or  fine  grain  texture,  show  an  even  distribution  of  the  constituent 
minerals,  be  of  uniform  quality  and  structure  throughout,  and  have  a  per  cent  wear  not 
greater  than  three  (3). 

Granite:  An  igneous  rock  consisting  principally  of  quartz  and  feldspar.  It  shall  be  of 
medium  or  fine  grain  texture,  show  an  even  distribution  of  the  constituent  minerals,  be  of 
uniform  quality  and  texture  throughout,  and  have  a  per  cent  wear  not  greater  than  four 
and  one-half  (4.5). 

Doloynite:  A  rock  consisting  principally  of  the  carbonates  of  lime  and  magne.sia.  It 
must  contain  not  less  than  thirty  (30)  per  cent  of  magnesium  carbonate,  nor  less  than 
eighty  (80)  per  cent  of  the  combined  carbonates  of  lime  and  magnesia.  It  must  be  of 
uniform  quality  and  texture  throughout,  have  a  per  cent  wear  not  greater  than  3.5  and  be 
of  such  density  that  it  will  not  be  noticeably  affected  by  five  (5)  immer.sions  in  a  saturated 
solution  of  sodium  sulphate  with  proper  dehydration  after  each  immersion. 

Limestone:  A  rock  consisting  principally  of  the  carbonates  of  lime  and  magnesia.  It 
mast  contain  not  less  than  fifty-five  (55)  per  cent  of  calcium  carbonates,  nor  less  than  eighty 
(80)  per  cent  of  the  combined  carbonates  of  lime  and  magnesia,  have  a  per  cent  wear  not 
greater  than  six  (6),  and  be  of  such  a  density  that  it  will  not  be  noticeably  affected  by  five 
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Total  Per  Cent  Passing 


Grades  and  sizes 


Laboratory  screens,  inches 


33-^ 


3         2>4 


m 


m      5i 


H 


Sieves 


10 


30 


2J.^-in.  "Ballast" 

Concrete  stone 

IJ-^-in.  Stone 

J^-in.  Stone 

Screenings — Grade  A,'. 
Screenings — Grade  B .  . 
Dustless  screenings. . .  . 
Stone  dust — Grade  A,^. 
Stone  dust — Grade  B . . 


100 


90-100 
100 
100 


0-25 
95-100 
95-100 


100 


0-5 

25-60 

0-15 

95-100 

100 

100 

100 


0-15 

0-5 

0-5 

0-25 

0-5 

95-100 

50-85 

95-100 

95-100 

25-75 

100 

100 

95-100 

35-70 
40-80 
0-25 
95-100 
90-100 


10-30 
25-65 


0-5 
5-20 


0-5 
70-90 


^  Screenings  Grade  A  shall  be  made  from  recrushed  stone  only. 

'  Stone  dust  Grade  A  shall  be  made  from  recrushed  stone  only. 

It  is  suggested  that  stone  crushing  plants  be  equipped  with  the  following  screens:  3J-^,  3,  2^^,  l}i, 
?4  in.,  and  a  dust  jacket  with  ^f  e-in.  openings  if  round,  or  J^-in.  if  square.  If  any  special  sizes  of  stone 
are  required,  additional  screens  will  be  needed. 

The  type  and  size  of  broken  stone  required  for  the  different  items  of  construction  are  .specified  under 
said  items. 


(5)  immersions  in  a  saturated  solution  of  sodium  sulphate  with  proper  dehydration  after 
each  immersion. 

Gneiss:  A  rock  containing  practically  the  same  minerals  as  granite,  but  having  these 
minerals  arranged  in  strata.  It  must  have  a  dense  structure  with  the  lines  of  stratification 
not  so  distinctly  formed  that  the  stone  breaks  in  thin  pieces  or  slabs.  It  must  have  a 
per  cent  wear  not  greater  than  four  and  one-half  (4.5). 

Sandstone  or  Quartzite:  A  rock  belonging  to  either  of  these  two  types  shall  contain  not 
less  than  ninety  (90)  per  cent  of  quartz,  be  of  uniform  quality  and  texture,  free  from  seams, 
lines  of  clay,  distinct  cleavage  planes,  or  lines  of  stratification  which  will  cause  the  stone  to 
break  into  thin  slabs  or  pieces.  It  must  have  a  per  cent  wear  not  greater  than  four  and 
one-half  (4.5). 

93.  Slag 

All  slag  must  be  air  cooled,  have  a  fresh,  clean  surface,  free  from  mud,  dirt,  clay  or  loam. 
It  must  not  be  brittle  nor  glassy  nor  have  an  apparent  specific  gravity  greater  than  3.0  at 
15.5°C.  When  used  for  concrete  it  must  produce  a  concrete  which  will  have  an  average 
compressive  strength  of  not  less  than  4,000  lb.  per  square  inch  when  twenty-eight  (28)  days 
old,  havingthe  same  composition  and  consistency,  and  tested  in  the  same  manner  given  here 
in  under"  Broken  Stone."  It  must  weigh  not  less  than  seventy  (70)  pounds  per  cubic  foot 
loose  measure,  and  be  free  from  decomposed  products.  The  requirements  governing  the 
different  sizes  will  be  the  same  as  for  broken  stone.  Slag  containing  more  than  one  and 
one-half  (l3'2)  per  cent  of  sulphur  shall  not  be  used  in  reinforcement  concrete. 


94.   Gravel 

Gravel  shall  be  divided  into  two  general  classes;  Washed  gravel  and  road  gravel. 
94A.  Washed  Gravel. 

Washed  gravel  may  be  composed  partially  or  totally  of  crushed  pebbles,  but  must  be 
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free  from  soft,  thin,  elongated  pieces,  organic  matter,  loam,  clay,  or  pebbles  coated  there- 
with. It  shall  contain  only  pebbles  of  a  sound,  hard,  durable  character,  and  must  be 
uniform  in  composition,  free  from  weathered,  decomposed  pebbles,  pieces  of  coal  or  other 
foreign  materials.     It  shall  not  contain  more  than  5  per  cent  of  slate,  shale  or  soft  sandstone 

particles,  having  a  per  cent  wear  greater  than 

AVhen  tested  by  means  of  laboratory  screens  and  sieves  the  various  sizes  of  washed  gravel 
shall  conform  to  the  following  requirements: 


Total  Per  Cent  Passing 


Sizes 


Laboratory  screens,  inches 


2l<f 


ih 


iM 


H 


Sieves 


10-mesh 


iM  in. 
^i  in. 


Concrete  graved. 
Pea  gravel 


100 
100 


100 


0-25 
75-100 
25-50 
100 


0-5 

0-25 

0-12 

95-100 


0-5 
0-2 
0-25 


0-5 


'Concrete  Gravel  size  may  be  prepared  by  mixing  two  (2)  parts  of  one  and  one-half  (1>2)  inch 
gravel  with  one  O)  part  of  three-quarter  (,9^)  inch  gravel  by  volume;  however,  when  thus  prepared, 
these  two  sizes  must  be  mixed  in  such  a  manner  that  will  insure  a  uniformly  graded  product,  conform- 
ing to  the  screen  requirements  given  below.  The  method  employed  in  mixing  in  each  case  must  be 
approved  by  the  Department  before  using. 


94B.  Road  Gravel. 

Road  gravel  shall  be  composed  of  sand  and  hard,  durable  pebbles  of  quartz,  mixed  with 
clay  in  such  proportions  that  the  gravel  will  comply  with  the  grading  and  other  require- 
ments specified  herein  below,  and  also  compact  under  travel  into  a  hard,  dense  pavement. 
It  shall  contain  not  less  than  eight  (8)  nor  more  than  twenty  (20)  per  cent  by  weight  of 
material  removed  by  the  elutriation  test,  and  the  gravel  having  the  fine  material  thus 
removed  shall,  when  tested  by  means  of  laboratory  screens  and  sieves,  comply  with  the 
requirements  given  below: 


Total  Per  Cent  Passing 


Grades 

Screens,  inches 

Sieves 

2 

m 

1 

M                 H 

10 

A 
B 

100 

95-100 
100 

85-100 
95-100 

55-90 
90-100 

45-80 
75-95 

35-70 
60-85 

95.  Sands 

Sands  shall  consist  of  grains  or  particles  of  quartz  or  other  hard  and  durable  rocks,  the 
surfaces  of  which  are  not  coated  with  any  foreign  material  nor  worn  smooth.  The  grains 
shall  be  moderately  sharp,  free  from  soft,  decomposed  or  partly  decomposed  sand  grains, 
lumps  of  clay,  or  ferruginous  cemented  sand,  mica,  loam,  sea  salts,  organic  matter,  or  other 
materials. 

Sands  shall  be  divided  into  two  general  classes,  bituminous  sands  and  concrete  sands. 
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95A.  Bituminous  Sands. 

Bituminous  sands  are  those  intended  for  use  in  the  construction  of  bituminous  pave- 
ments, bituminous  mortars,  bituminous  fillers,  or  mastics,  and  when  tested  by  means  of 
laboratory  screens  and  sieves  shall  conform  to  the  following  requirements: 

Minimum,  M.\ximum, 

Passing  Retained  on  Per  Cent  Per  Cent 

^'^-in.  screen  10-mesh  sieve  0.0  2.0 

10-mesh  sieve  30-mesh  sieve  10.0  30.0 

30-mesh  sieve  50-mesh  sieve  15.0  42.0 

50-mesh  sieve  80-mesh  sieve  20.0  35.0 

80-mesh  sieve  200-mesh  sieve  15.0  35.0 

200-mesh  sieve                  •  •  •  • .  ^  ■  ^ 

95B.  Concrete  Sands. 

Concrete  sands  are  those  intended  for  use  with  Portland  cement  either  in  a  Portland 
cement  concrete  or  mortar,  and  when  tested  by  means  of  laboratory  screens  and  sieves 
should  conform  to  the  following  requirements: 


Minimum, 

Maximum, 

P.^SSING 

Retained  on 

Per  Cent 

Per  Cent 

J'^-in.  screen 

J-^-in.  screen 

1.0 

l/ii-in.  screen 

10-mesh  sieve 

5.0 

25.0 

10-mesh  sieve 

30-mesh  sieve 

30.0 

60.0 

30-mesh  sieve 

50-mesh  sieve 

20.0 

40.0 

50-mesh  sieve 

200-mesh  sieve 

5.0 

15.0 

200-mesh  sieve 

5.0 

Concrete  sands  must  not  contain  more  than  four  (4)  per  cent  of  material  removed  by  the 
elutriation  test  and  must  produce  a  Portland  cement  mortar  which  will  have  at  the  end  of 
seven  (7)  and  twenty-eight  (28)  days  a  crushing  and  tensile  strength  equal  to  or  greater 
than  that  of  a  mortar  prepared  in  the  same  manner,  of  the  same  proportions  and  consis- 
tency, using  the  same  cement,  and  Standard  Ottawa  sand.  The  ratio  of  cement  to  sand  is 
to  be  the  same  as  that  specified  for  the  concrete  in  which  said  sand  is  to  be  used.  The 
approval  of  a  sand  for  use  in  concrete  of  a  given  composition  does  not  approve  its  use  in 
concrete  having  a  different  composition. 

95C.  Stone  Dust. 

Stone  dust,  Grade  A,  may  be  used  as  a  concrete  sand,  but  only  after  being  approved  by 
the  Engineer  for  this  purpose,  said  approval  shall  apply  only  to  the  material  that  is  actually 
represented  by  the  sample.  It  must  produce  a  mortar  having  not  less  than  one  hundred  and 
twenty-five  (125)  per  cent  of  the  strength  of  a  similar  mortar  prepared  from  Ottawa  sand 
and  tested  in  the  same  manner  as  "Concrete  Sands." 

95D.  Grout  Sand. 

Sands  intended  for  use  in  a  Portland  cement  grout  must,  in  addition  to  meeting  the 
other  general  requirements  given  above,  all  pass  a  10-mesh  sieve  and  produce  a  Portland 
cement  mortar  which  will  have  at  least  seventy-five  (75)  per  cent  of  the  strength  of  a 
similar  mortar  prepared  with  Standard  Ottawa  sand,  and  tested  in  the  same  manner  as 
"Concrete  Sands." 

95E.  Cushion  Sand. 

Sands  for  use  in  the  cu.shion  course  placed  under  paving  blocks  shall  comply  with  the 
requirements  for  a  concrete  sand  except  the  mortar  produced  therefrom  need  only  75  per 
cent  of  the  strength  of  a  similar  mortar  prepared  from  Standard  Ottawa  sand  and  tested 
in  the  same  manner  as  specified  under  "Concrete  Sand." 

96.  Portland  Cement 

This  cement  shall  comply  with  the  requirements  and  be  tested  in  the  manner  specified 
by  the  American  Society  for  Testing  Materials,  Serial  Designation  C9-21,  with  all  sub- 
sequent changes  or  corrections. 
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All  Portland  cement  required  for  use  will  be  shipped  from  bins  previously  approved  by 
the  State  Highway  Department.  Copies  of  all  Portland  cement  orders,  placed  by  the 
Contractor  with  cement  companies,  direct  or  through  brokers  or  local  dealers,  shall  be 
forwarded  to  the  Department.  When  an  order  is  placed  through  a  broker  or  local  dealer, 
said  broker  or  local  dealer  shall  furnish  the  Department  with  a  copy  of  this  order  to  the 
cement  company  for  the  cement  required.  In  all  cases,  regardless  of  whether  the  cement 
is  ordered  by  the  Contractors  direct  or  through  brokers,  the  order  must  be  placed  with  the 
cement  company  at  least  ten  (10)  days  previous  to  the  date  of  the  initial  shipment.  The 
extra  cost,  if  any,  required  for  shipment  from  previously  approved  bins  shall  be  borne  by 
the  Contractor  and  will  not  be  paid  for  by  the  Department. 

All  Portland  cement  shall  be  shipped  in  cloth  bags,  which  are  plainly  stamped  with  the 
manufacturer's  name  and  brand  of  cement  contained  therein.  Each  bag  shall  contain 
ninety-four  (94)  pounds  of  cement  net  weight  and  be  considered  as  containing  one  (1) 
cubic  foot  of  cement. 

Bags  of  cement  which  for  any  reason  have  become  partially  set  on  the  outside  or  which 
contain  lumps  or  partly  set  cement,  shall  be  rejected. 

Different  brands,  makes  or  grades  of  cement,  must  be  piled  by  themselves.  Approved 
cements  cannot  be  mixed  during  use,  or  used  intermittently  in  any  one  given  item  of 
construction. 

All  cement  must  be  stored  in  bins  prepared  for  this  purpose  and  shipment  made  only 
from  these  bins.  All  cars  shall  be  loaded  under  the  supervision  of  and  sealed  by  a  repre- 
sentative of  the  State  Highway  Commis.sion.  Cars  received  at  their  point  of  destination 
with  seals  broken  or  destroyed  may  be  unloaded,  but  should  not  be  used  until  resampled 
and  approved. 

Producers  are  requested  not  to  permit  shipments  to  be  made  of  any  cement  that  does  not 
comply  with  the  requirements  given.  It  is  assumed  that  all  cement  shipped  complies  with 
the  requirements  given  herein.  All  shipments  made  containing  cement  that  does  not 
comply  with  the  requirements  given  herein  ghall  be  replaced  with  cement  that  does  comply 
with  said  requirements. 

Water  used  with  Portland  cement  shall  be  clean,  free  from  oil,  acid,  alkali,  sea  salts  or 
vegetable  matter. 


97.  Mineral  Fillers 

Fillers  for  use  in  a  bituminous  mortar,  bituminous  concrete,  or  sheet  asphalt  shall  be 
Portland  cement,  ground  liiaestone  or  pulverized  lime  not  less  than  eighty-five  (85)  per 
cent  of  which  must  pass  a  one  hundred  (100)  mesh  sieve  and  sixty-five  (65)  per  cent  a 
two  hundred  (200)  mesh  sieve.  It  shall  be  free  from  lumps  or  balls,  or  any  foreign  material 
that  may  injure  it  for  the  purpose  intended. 


98.  Bituminous  Cement 

Must  be  uniform,  homogeneous  and  free  from  water.  They  must  pass  the  requirements 
designated  below  for  the  respective  type  of  pavement  for  which  they  are  intended  to  be 
used.  They  must  have  the  con.sistency  required  herein  before  shipping,  for  fluxing  will 
not  be  allowed  at  the  mixing  plant. 


99.  Asphaltic  Cements  and  Oils 

Asphaltic  cements  may  be  made  from  petroleum  or  from  fluxed  or  unfluxed  natural 
asphalts,  and  must  be  free  from  tar  or  tar  products. 
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99A.  Prepared  from  Natural  Asphalts. 


Grades 


Tests 


NA-1 


Min.  Max. 


NA-2 


NA-3 


Min.    Max.    Min.   Max 


NA-4 


NA-5 


Max. 


Max. 


Min. 


Max. 


1.  Specific  gravity  at  15.5°C 

2.  Penetration  at  25°C.,  100  g.— 5  sec. 

3.  Penetration  at  46°C.,  50  g. — 5  see. 

4.  Evaporation  loss  at  163°C.,  20  g. 

— 5  hour,  per  cent 

(a)  Penetration     on     residue     at 
25°C.,     100    g.— 5   sec 

5.  Solubility  in  benzol,  CeHe,  per  cent 

6.  Bitumen  soluble  in  ether,  (C2H6)20 

per  cent 

7.  Bitumen  Soluble  in  carbon  tetra- 

chloride, CCh,  per  cent 

8.  Flash  point  in  °C 

9.  Ductility  at  50  penetration  (cm.). 
10.  Paraffin  scale 


1.045 
40 


1..50 

20 
95.00 

85.00 

99.00 

175 
50.0 


50 


3.0 


98.00 


1.045 

1.04 

50 

60 

75 

1.50 

3.00 

1.50 

25 

35 

95.00 

98.00 

95.00 

85.00 

85.00 

99.00 

99.00 

175 



175 

50.0 

50.0 

95 


1.04 
90 


150 


10 


3.50 


98.00 


1.50 

45 
95.00 

85.00 

99.00 

165 
50.0 


4.0 


20 
80 


3.0 


98.00 


25.01 


1  Taken  at  20  penetration. 


99B.  Petroleum  Residua  Prepared  from  Heavy  Mexican  Petroleum. 


Grades 


Tests 


H.M.i  H.M.2 


Min 


Max 


Min 


H.M.3 


Max.    Min. 


Max. 


H.M.4 


Min, 


Max. 


Min. 


Max. 


1.  Specific  gravity  at  15.5°C 

2.  Penetration  at  25°C.,  lOOg. — 5  sec. 

3.  Penetration   at  46°C.,  50  g. — 5  sec.. 

4.  Evaporation   loss  at  163°C.,  20g. . 

— for  5  hour,  per  cent 

(a)   Penetration     on     residue     at 
25°C.,    100  g.— 5   sec 

5.  Solubility  in  benzol,  CeHe,  per  cent. 
C.  Solubility  in  ether,  (C2H6)20,  per 

cent 

7.  Solubility  in  carbon  tetrachloride, 

ecu,  per  cent 

8.  Flash  point  in  °C 

9.  Ductility  at  50  penetration  (cm.). 
10.   Paraffin  scale,  per  cent 


1.04 
45 


55 
300 


1.00 


1.035 
55 


65 
360 


1.00 


30 
99.80 

75.00 

99.00 
225 
100 


35 
99.80 

75.00 

99.00 

215 

90 


1.25 


1.25 


1.035 

75 


45 
99.80 

75.00 

99.00 

210 

80 


95 


1.50 


1.03 
90 


50 
99.80 

75.00 

99.00 

200 

70 


150 


1.50 


1.50 


1.75 
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99C.  Petroleum  Residua  Prepared  from  Light  Mexican  Petroleum. 


Grades 


Tests 


L.M.i  L.M.2  L.M.'  L.M.4 


Min.   Max 


Min.   Max.    Min.   Max 


Min.    Max.    Min 


Max. 


1. 


Specific  gravity  at  15.5°C 

2.  Penetration  at  25°C.,  lOOg.— Ssec. 

3.  Penetration  at  46°C.,  50  g. — 5  sec. 

4.  Evaporation   loss  at  163°C.,  20g.. 

— for  5  hour,  per  cent 

(a)  Penetration     on     residue     at 
25°C.,  100  g.— 5  sec 

5.  Solubility  in  benzol,  CeHs,  per  cent. 

6.  Solubility  in  ether,  (C2Hs)20,  per 

cent 

7.  Solubility  in  carbon  tetrachloride, 

ecu,  per  cent 

8.  Flash  point  in  "C 

9.  Ductihty  at  50  penetration  (cm.). 
to.  Paraffin  scale,  per  cent 


1.035 
45 


30 
99.80 

75.00 

99.00 
225 
100 


55 
300 


1.00 


1.030 
55 


65 
360 


1.00 


3.50 


35 
99.80 

75.00 

99.00 

215 

90 


3.75 


1.030 
75 


45 
99.80 

75.00 

99.00! 

210 

80 


1.50 


4.00 


1.025 
90 


50 
99.80 

75.00 

99.00 

200 

70 


150 


4.50 


99D.  Petroleum  Residua  Prepared  from  Californl\  Petroleum. 


Grades 


C.i 


Tests 


1.  Specific  gravity  at  15.5°C.  . 

2.  Penetration   at  2.5°C.,   100 

g. — 5  sec 

3.  Penetration    at    46°C.,    50 

g. — 5  sec 

4.  Evaporation  loss  at  163°C., 

20  g. — for  5  hour,  per  cent 

(a)  Penetration  on  residue 

at  25°C.,  100  g.— 5  sec. 

5.  Solubility  in  benzol,  CeHe, 

per  cent 

6.  Solubility  in  ether  (C'..H5)20, 

per  cent 

7.  Solubility  in  carbon  tetra- 

chloride, ecu,  per  cent.  . 

8.  Flash  point  in  °C 

9.  Ductihty  at  50  penetration 

(cm.) 

10.   Paraffin  scale 


Min. 


Max 


C.2 


Min.      Max. 


CJ 


CJ 


Min. 


1.025 

1.02 

40 

50 
.75 

50 

20 

25 

99.80 

99.80 

85.00 

85.0 

99.00 

99.00 

210 

205 

50.0  + 

1.30.0  + 

60 


1.00 


1.02 

70 


30 

99.80 

87.0 

99.00 
200 

150.0  + 


Max. 


90 


1.25 


Min. 


1.015 
90 


35 

99.80 

89.00 

99.00 
175 

150.0 


150 


1.50 


Max.    Min. 


Max. 


554  RURAL  HIGHWAY  PAVEMENTS 

99E.  Petroleum  Residua  Prepared  by  Blending  California  and  Mexican  Residua. 


Grades 


Tests 


C.M.i 


Min. 


Max. 


C.M.2 


Min. 


CM. 3 


Max.    Min. 


Max. 


C.M.* 


Min. 


Max, 


Max. 


1.  Specific  gravity  at  15.5°C 

2.  Penetration  at  2.5°C.,  100  g.— 5  sec. 

3.  Penetration  at  46°C.,  50  g. — 5  sec. 

4.  Evaporation  loss  at   163°C.,  20  g. 

— for  5  hour,  per  cent 

(a)  Penetration     on     residue     at 
25°C.,    100  g.— 5  sec 

5.  Solubility  in  benzol,  CeHe,  per  cent. 

6.  Solubility  in  ether,  (C2H6)20,  per 

cent 

7.  Solubility  in  carbon  tetrachloride, 

CCh,  per  cent 

8.  Flash  point  in  °C 

9.  Ductility  at  50  penetration  (cm.). 
10.  Paraffin  scale,  per  cent 


1.03 
45 


25 
99.80 

80.0 

99.00 
220 
125.0 


1.00 


1.025 
55 


30 
99.80 

80.0 

99.00 
215 
125.0 


1.00 


2.25 


1.02 
75 


40 
99.80 

82.0 

99.00 
205 
100.0 


95 


1.02 
90 


1.50 

I      45 

99.80 

J83.0 

99.00 

190 

Iioo.o 

2.50  ... 


1.50 


1.50 


2.75 


99F.  Petroleum  Residua  Prepared  by  Blending  Mexican  and  Semi-asphaltic  Base 
Petroleums. 


Grades 


T.i 


T.2 


Tests 


Min.    Max, 


1.  Specific  gravity  at  15.5°C 

2.  Penetration    at    25°C.,     100    g.— 5 

sec 

3.  Penetration    at  46°C.,  50  g. ^5  sec. 

4.  Evaporation   loss   atl63°C.,   20  g. 

- — for  5  hours,  per  cent 

(a)  Penetration     on     residue     at 
2.5"C.,    100   g.— 5   sec 

5.  Solubility  in  benzol,  CeHe,  per  cent 
G.   Solubility  in  ether,   (C2H6)20,  per 

cent 

7.  Solubility  in  carbon  tetrachloride, 

ecu,  per  cent 

8.  Flash  point  in  °C 

9.  Ductility  at  .50  penetration  (cm.). 
10.   Paraffin  scale 


1.00 
45 


30 
99.5 

70.0 

99.0 

175 

30.0 


Min.   Max.    Min.    Max 


55 
275 


1.0 


1.00 
55 


35 
99.50 

70.0 

99.0 

175 

30.0 


65 
325 


1.0 


1.00 
75 


45 
99.5 

70.0 

99.0 

175 

30.0 


Min.    Max, 


1.00 
90 


1.0 


50 
99.5 

70.0 

99.0 

175 

30.0 


Min.   Max. 


1.0 


99G.  Asphalt  Cement  Emulsion. 

1.  General:  The  emulsion  shall  be  homogeneous,  of  such  character  that  it  will  mix  with 
water  in  all  proportions  and  of  such  stability  that  it  will  remain  constant  and  uniform  while 
being  combined  and  mixed  with  clean,  wet,  crushed  stone.  Its  consistency  shall  be  such  as 
uniformly  to  coat  the  stone  and  remain  constant  while  being  handled. 

2.  Stone  Test:  One  (1)  pound  of  dry,  clean,  trap  rock  screenings,  Grade  A,  shall  be 
washed  until  clean  and  surplus  water  allowed  to  drain  off  for  a  period  of  five  (5)  minutes. 
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To  this  clean,  washed,  crushed  stone  screenings  shall  be  added  one  and  one-quarter 
(ly^)  ounces  of  the  emulsion.  The  mixture  will  then  be  constantly  agitated  by  stirring, 
turning  and  mixing  for  a  period  of  three  (3)  minutes. 

Any  material  that  will  not  retain  its  emulsified  characteristics  without  appreciable 
Beparation  during  such  agitation  will  be  rejected  as  being  unsuited  for  the  purpose  for  which 
it  is  intended. 

3.  Analysis  of  Emulsion:  When  distilled  up  to  a  temperature  of  260°C.  the  total  loss 
shall  not  exceed  thirty-two  (32)  per  cent  and  not  more  than  two  (2)  per  cent  of  this  distillate 
shall  be  other  than  water.  The  residue  from  the  foregoing  distillation  shall  comply  with 
the  following  requirements: 


Grade 


A.E. 


Tests 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


1.  Specific  Gravity  at  25°C 

2.  Penetration  at  25°C.,  100  g.— 5  sec. 

3.  Solubility  in  CS2,  per  cent 

4.  Fixed  carbon,  per  cent 

5.  Ash,  per  cent 

6.  Ductility  at  25°C.  (cm.) 

7.  Paraffin  scale,  per  cent 


1.01 

150 

98.5 

6.0 


40.0 


250 


15.0 
1.0 


4.7 
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Intended  use 


Grades  that  may  be  specified 


Sheet  asphalt,  type  S.  A 

Bituminous  concrete  surfaces,  mixed  hot. 
Type  F.  A.-B.  C.-',  F.  A.-B.  0.-=,  or 
W-B 

Bituminous  concrete  surfaces,  mixed  cold, 
type  A 

Bituminous  macadam  surfaces,  penetration 
method 

Patch  work,  hot  mixing  method 

Patch  work,  cold  mixing  method 

Surface      treatments,      cold      application — 

macadam 

Bituminous  concrete 

Surface  treatment,  hot  application — mac- 
adam   


N.  A.-i,  H.  M.-i,  L.  M.->,  C-i,  C.  M.- '.  or  T.-i 

N.  A.-2,  H.  M.-2,  L.  M.-!,  C-2,  C.  M.-',  or  T.-2 

N.  A.-5,  H.  M.-',  L.  M.-  3,  C-3,  C.  M.-',  or  T.-a 

N.  A.-*,  H.  M.-i,  L.  M.-S  C-S  C.  M.-«,  T-<,  X..  or  U-« 

H.  H.  O.,  X.,  or  U-4 

L.  K.,  H.  K.,  P.,  or  U.  C 

S.  C.  O.,  R.  C.  O.,  B.,  U.  B.,  or  U.  C 
L.  K.,  or  H.  K 

L.  H.  O.,  H.  H.  O.,  A.,  or  U-2 


101.  Bituminous  Waterproofing  Compounds 

All  bituminous  water-proofing  paints  shall  be  prepared  ready  for  use  before  shipment 
and  shall  be  shipped  in  strong,  substantial  containers,  plainly  marked  with  the  name  and 
weight  of  content  and  name  and  address  of  the  manufacturer.  When  so  requested,  the 
analysis  of  all  paints  furnished  must  be  supplied  by  the  manufacturer  within  ten  (10)  days 
after  request  is  made. 
lOlA.  Tar  Paints. 

Tar  paints  shall  be  prepared  from  a  refined  coal-tar  or  water-gas  tar  and  a  tar  distillate. 
They  shall  be  free  from  water,  or  petroleum  distillates,  and  must  comply  with  the  following 
requirements: 


Grades 


T  P-i 


T  P-2 


TP- 


Tests 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Viscosit/  at    25°C.,    1st    50    c.c.    Engler 

(seconds) 

Free  carbon  (using  hot  benzol,  CeHe),  per 

cent 

Distillation  0° — 170°C.,  per  cent 

0°— 235°C.,  per  cent 

0°— 270°C.,  per  cent 

0°— 300°C.,  per  cent 

Melting  point  of  distillation  residue  (Ball 
&  Ring)  °C 


325 

8.0 
20.0 
0.0 
0.0 
0.0 

60 


400 

14.0 
28.0 
37.0 
39.5 
41.5 

70 


275 

12.0 

12.0 

15.0 

0.0 

0.0 

55 


350 

18.0 
20.0 
35.0 
39.5 
43.5 

70 


275 

4.0 

12.0 

15.0 

0.0 

0.0 

55 


350 

10.0 
20.0 
35.0 
41.0 
46.0 

70 


lOlB.  Asphaltic  Paints. 

Asphalt  paints  shall  be  prepared  from  petroleum  residue  or  natural  asphalts,  and  a 
petroleum  or  tar  distillate.  They  shall  be  free  from  water,  animal  or  vegetable  oils,  fats  or 
greases,  and  shall  comply  with  the  following  requirements: 
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AP-i 


Min.  Max. 


Min.  Max 


Min.  Max. 


1.  Evaporation  loss  at  163°C.  on  20  g.  for  5  hours, 

per  cent 

(a)  Penetration  on  residue   at  25°C.  (100  g. — 5 
sec.) 

2.  Evaporation  loss  at  100°C.  on  20  g.  for  5  hours, 

per  cent 

3.  Solubility  in  benzol,  CeHe 

(Prepared  from  petroleum  asphalt),  per  cent 

(Prepared  from  natural  asphalt),  per  cent 

4.  Ductility  at  50  penetration  at  25°C.,  centimeters. 

5.  Viscosity  at  25°C.  (Engler,  1st  50  c.c),  seconds, 

6.  Asphaltic  content  at  100  penetration,  per  cent. . . 


45.0 

10 

35.0 

99.5 

95.0 

20.0 

200 

50.0 


20 


300 
60.0 


102.  Wood  Preservatives 

Wood  preservatives  used  in  the  pres.sure  treatment  of  wooden  blocks,  piling,  etc.,  shall 
be  either  an  oil  distillate  from  coal-gas  tar,  coke-oven  tar,  or  a  product  of  which  at  least 
sixty-five  (65)  per  cent  shall  be  a  distillate  of  coal-gas  tar  or  coke-oven  tar,  and  the  remainder 
shall  be  refined  or  filtered  coal-gas  tar  or  coke-oven  tar.  Only  one  type  of  preservative 
shall  be  used  on  any  one  contract.  They  must  comply  with  the  following  requirements  as 
given  under  W  P-1  and  W  P-2. 

Wood  preservatives  used  in  the  open-tank  treatment  of  guard  rail  posts  or  other  timbers 
shall  be  an  oil  obtained  by  distillation  from  coal  tar  or  coke-oven  tar,  and  shall  be  free  from 
any  admixture  of  undistilled  tar,  water-gas  tar,  or  tars  or  oils  obtained  from  any  other 
sources.     The  oil  shall  conform  to  the  following  specifications  given  under  W  P-3. 


Grades 


W  P-i 


W  P-s 


W   P-8 


Tests 


Min.   Max. 


Min.  Max. 


Miu.  Max. 


Water  content,  per  cent .  . 

Solubility  in  benzol,  CeHj,  per  cent 

Specific  gravity  at  38°C./38°C.,  per  cent 

Specific  gravity  at  38°C./15°C 

Distillates  (based  on  water-free  oil),  0°C. — 210°C.,  per  cent 
Distillates  (based  on  water-free  oil),  0°C. — 235°C.,  per  cent 
Distillates  (based  on  water-free  oil),  23.5°C. — 300°C.,  per  cent 
Float  test  at  70°C.  on  distillation  residue  above  355°C.,  if 

over  10  per  cent,  inches 

Float  test  at  70°C.,  on  distillation  residue  above  355°C.,  if 

over  35  per  cent,  inches 

Per  cent  of  residue  above  355°C 

Specific  viscosity,  Engler  at  20°C.  on  200  c.c 

Specific  gravity  at  38°C./15.5°C.  of  fraction  between  235° 

and  315°C 

Specific  gravity  at  38°C./15.5°C.  of  fraction  between  315°C. 

and  SSS^C 

Coke  residue,  per  cent 

Tar  acids  (per  cent  of  total  distillates),  per  cent 

Flash  point  (Cleveland  open  cup),  °C 

Fire  point  (Cleveland  open  cup),  °C 

All  to  be  liquid  (no  solid),  °C 


3.0 


99.5 
1.06 


97.0 
1.07 


5.0 
15.0 


50 


1.03 
1.09 


1.02 
1.09 


2.0 


3.0 
1.14 


99.75 
1.09 


5.0 
25.0 


80 


10 


10.0 


1.0 


1.13 


2.50 
20.0 


25 
50.0 


2.0 
15.0 


120 

165 

21 
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103.   Joint  Fillers 

The  material  used  in  filling  joints  in  pavements,  curbs,  gutters,  etc.,  shall  be  divided 
into  two  grades.  Grade  P,  poured  joint  fillers,  and  Grade  M,  moulded  joint  fillers. 

The  poured  joint  fillers  shall  be  prepared  from  either  a  coal  tar  or  an  asphalt  cement, 
complying  with  the  requirements  given  below. 

Moulded  joint  fillers  shall  be  prepared  by  impregnating  such  inert  materials  as  felt, 
woolen  or  cotton  fiber,  paper  pulp,  sawdust,  etc.,  with  a  bituminous  cement  complying  with 
the  requirements  given  below.  The  inert  material  may  be  applied  as  a  layer  on  the  outside 
of  a  bituminous  sheet,  or  may  be  uniformly  distributed  through  the  bituminous  material. 
In  either  case  sufficient  inert  material  must  be  used  to  prevent  the  joint  from  chipping 
during  cold  weather. 

Moulded  joint  fillers  shall  be  cast  in  sheets,  the  thickness  of  which  shall  be  the  same  as 
the  joint  width  specified,  but  in  no  case  shall  moulded  joint  fillers  be  cast  in  sheets  less  than 
one-half  (}i)  inch  nor  more  than  three-quarters  04)  inch  thick.  When  no  special  width 
is  specified  the  joints  shall  be  cast  in  sheets  from  one-half  (f^)  inch  to  five-eighths  (%) 
inch  thick. 

All  moulded  joint  fillers  to  be  used  in  transverse  joints  in  a  concrete  pavement  shall  be 
cast  in  lengths  equal  to  one-half  the  width  of  the  pavement,  have  a  width  of  one-half  {/■■^) 
inch  greater  than  the  thickness  of  the  pavement,  have  one  edge  cut  to  the  curvature  specified 
for  the  crown  of  the  pavement,  and  have  a  thickness  equal  to  the  width  of  the  joint  as 
above  specified.  When  for  use  in  longitudinal  joints  in  concrete  pavements  adjacent  to 
curbs,  gutters,  headers,  etc.,  moulded  joints  shall  be  made  in  the  lengths  and  widths  ordered. 

The  various  grades  of  bitumen  used  for  the  fabrication  of  expansion  joint  fillers  shall 
comply  with  the  requirements  given  below. 


Grades 


M.  A. 


P.  A. 


P.  T. 


Tests 


Min. 


Max.    Min. 


Max, 


Min.  Max. 


1.  Specific  gravity  at  25°C 

2.  Penetration  at  2o°C.— 100  g.  for  5  sec 

3.  Penetration  at  46°C. — IOC  g.  for  5  sec 

4.  Melting  point  (ball  and  ring)  °C 

5.  Evaporation  loss  on  20  g.  at  163°C.  for  5  hours, 

per  cent 

6.  Solubil^^y  in  benzol,  CoHe,  per  cent 

7.  Solubility  in  carbon  tetrachloride,  CCL4,  per  cent 

8.  Flash  point  in  °C 

9.  Ductility  at  25°C.,  centimeters 

10.  Float  Test  at  100°C 

11.  Distillation  0° — 170°C.,  per  cent 

Distillation  0°— 300°C.,  per  cent 

12.  Free  carbon,  per  cent 


1.00 
25 


99.0 


4.0 


35 
55 


1.00 
30 

65 


99.5 

99.0 

200 

4.0 


40 
70 
95 

1.0 


1.22 


36 


65.0 


55 


20.0 


1.30 


50 


80.0 


75 

1.0 

5.0 

35.0 


36 
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104.  Lignin  Binders 

They  must  be  concentrated  liquid  extracts  from  organic  matter,  uniform  in  composition, 
homogeneous,  free  from  mineral  oils,  asphalts  or  tars.  During  concentration  the  liquors 
must  not  be  heated  above  212°F.     They  must  conform  to  the  following  requirements: 


Grades 


G.  N. 


Tests 


Min. 


Max. 


1.  Specific  gravity  at  60°F 

2.  Solubility  in  cold  water,  per  cent 

3.  Solubility  in  hot  water,  per  cent.  .• 

4.  Evaporation  loss  at  100°C.  to  constant  weight,  per  cent 

5.  Ash  content,  per  cent 

6.  Free  acids,  per  cent 

7.  SO2  content  as  sulphite,  per  cent 

8.  CaO  content 

9.  MgO  content,  per  cent 

10.   Ferric  oxide  content,  per  cent 


1.25 

99.5 

99.5 

55.0 

9.5 

0.5 

1.0 

2.5 

1.25 


0.25 


105.  Inorganic  Binders 

This  class  of  binder  .shall  consist  of  concentrated  solutions  of  soluble  alkaline  silicates 
and  may  contain  soluble  organic  compounds.     They  shall  fulfill  the  following  requirements: 


Grades 

S.  S. 

R.  M. 

Tests 

Min. 

Max. 

Min.      Max. 

1 

Min 

Max. 

1.  Solubility  in  hot  water,  per  cent 

2.  Specific  gravity  at  60°F 

3.  Residue  on  evaporation  at  110°C.  to  con- 

stant weight,  per  cent 

4.  Silica  content  of  residue,  per  cent 

99.0 
1.35 

60.0 
70.0 

1.40 

70.0 
80.0 

99.5 

1.20      1.30 

30.0      40.0 
36.0      40.0 

106-   Telford  Base  Stone 

This  stone  shall  be  prepared  from  a  hard,  durable  rock,  such  as  trap,  granite,  gneiss, 
limestone,  etc.  In  the  selection  of  these  stones  no  decomposed,  weathered,  shattered  or 
soft  stone  shall  be  included.  The  stone  shall  be  broken  nearly  rectangular  in  shape,  and 
of  such  a  width  that,  after  knapping,  they  will  produce  a  foundation  of  the  required  thick- 
ness. When  no  special  size  is  specified  the  stone  shall  be  so  broken  that,  after  knapping  and 
trimming  up,  they  will  be  approximately  eight  (8)  inches  in  depth,  not  less  than  two  (2) 
or  more  than  (5)  inches  in  width,  and  from  six  (6)  to  twelve  (12)  inches  in  length. 

107.   Cobble  Stones 

Cobble  stones  shall  be  composed  of  only  good,  hard,  durable  stone  which  are  nearly 
uniform  in  size.  They  shall  not  exceed  five  (5)  inches  in  their  largest  diameter,  except 
for  the  center  line  and  side  lines  of  gutters  where  8-in.  stones  may  be  used.  They  must 
have  fairly  smooth,  even  faces  that  will  permit  the  construction  of  a  gutter  surface  with  a 
uniform  contour. 
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108.  Rubble  Stones 

Rubble  stones  shall  be  prepared  from  a  hard,  durable,  tough  stone,  such  as  trap,  granite, 
gneiss,  etc.,  that  has  a  fairly  uniform  fine  grain,  is  sound,  free  from  weathered  or  decomposed 
stone,  shattered  ends  or  structural  defects,  marked  laminations,  seams  or  cracks,  and  must 
be  approved  by  the  Engineer  for  the  use  intended. 

When  for  use  in  a  rubble  gutter  stone  shall  be  not  less  than  six  (6)  nor  more  than  eight 
(8)  inches  in  depth,  not  less  than  two  (2)  nor  more  than  five  (5)  inches  in  width,  and  from 
six  (6)  to  ten  (10)  inches  in  length.  The  top  surface  must  be  approximately  flat,  and  so 
cut  as  to  permit  the  construction  of  a  gutter  surface  of  the  proper  contour.  When  for  use 
in  rubble  masonry  unless  otherwise  specified  the  stone  for  the  faces  of  the  wall  shall  be  not 
less  than  six  (6)  inches  thick  nor  less  than  twelve  (12)  inches  long.  The  width  shall  not 
be  less  than  the  thickness  and  the  length  shall  not  exceed  three  (3)  times  the  thickness. 
Selected  stones,  rough  squared,  cut  to  the  required  pitch,  shall  be  prepared  for  use  at  all 
angles  and  ends  of  walls. 

109.  Stone  Block  for  Gutters 

Stone  block  for  gutters  shall  be  prepared  from  a  hard,  tough  rock  such  as  trap,  granite, 
gneiss,  etc.  In  the  selection  of  the  stone  all  decomposed,  weathered,  soft,  brittle  or  lami- 
nated stone  will  be  excluded.  The  blocks  should  be  of  nearly  the  same  degree  of  hardness 
and  toughness.  They  shall  be  so  cut  that  they  will  be  practically  rectangular  in  shape, 
be  not  less  than  six  (6)  nor  more  than  eight  (8)  inches  square  on  top,  and  from  six  (6)  to 
eight  (S)  inches  in  depth.  The  blocks  shall  be  so  split  and  dressed  as  to  form,  when  laid, 
close  joints  not  exceeding  one-half  {^^)  inch  in  width  on  the  top,  and  have  a  fairly  smooth 
top  and  bottom  surface. 

110.    Construction  Brick 

Brick  for  use  in  constructing  manholes,  catch-basins,  etc.,  shall  be  new,  whole  building 
brick  of  a  standard  brand  or  make.     They  must  be  of  a  uniform  commercial  size. 

The  physical  properties  of  construction  brick  shall  comply  with  the  requirements  for 
"Hard  Brick"  as  defined  in  A.  S.  T.  M.  standards,  Serial  Designation  C21-20. 

111.  Masonry   Stone 

The  stone  used  in  the  construction  of  stone  masonry,  such  as  retaining  walls,  headers, 
etc.,  shall  be  a  hard,  durable  stone,  that  will  easily  permit  of  its  being  cut,  chipped  or 
chiseled  into  the  required  shape  or  form.  Stone  shall  be  of  two  grades,  rough-dressed  and 
hand-dressed.  Rough-dressed  stone  shall  be  fairly  rectangular  in  shape,  have  at  least  one 
smooth,  even  face,  be  not  less  than  three  (3)  inches  in  thickness,  nor  less  than  eight  (8) 
inches  in  width,  and  have  a  length  greater  than  one-half  the  thickness  of  the  wall  in  which 
the  stone  wiil  be  used.  Hand-dressed  stone  will  be  hand  dressed  to  nearly  rectangular 
shape.  The  front  face  shall  be  smooth  and  even,  free  from  objectionable  depressions  or 
projections,  be  rectangular  in  shape,  have  straight  edges  with  square  corners,  and  the  other 
faces  dressed  nearly  perpendicular  to  this  face. 

Hand-dressed  stone  shall  be  not  less  than  eighteen  (18)  inches  in  length,  six  (6)  inches  in 
thickness,  nor  less  than  one  (1)  foot  in  width,  and  must  be  approved  by  the  Engineer  before 
being  used. 

Header  stone  shall  be  equal  in  length  to  the  thickness  of  the  wall  in  which  it  will  be  used. 

112.  Stone  Curbing 

Straight  curbing  shall  be  made  from  either  granite  or  bluestone;  circular  curbing  from 
granite  only. 

The  granite  used  shall  be  a  good  grade  of  medium  fine  grain  granite  which  has  a  uniform 
texture  and  distribution  of  its  constituent  minerals,  is  neither  stratified  nor  laminated,  and 
is  free  from  seams,  evidence  of  weathering,  or  disintegration. 

The  bluestone  shall  be  a  hard,  durable  stone  that  is  free  from  such  imperfections  as  soft 
or  weathered  spots,  shattered  layers,  weathered  bedding  planes,  or  distinct  lines  of  strati- 
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fication.     It  must  be  of  sufficient  hardness  as  to  be  serviceable,  I:)ut  not  so  hard  as  to  be 
brittle  or  glassy. 

All  curbing  shall  be  cut  in  lengths  of  not  less  than  four  (4)  nor  more  than  eight  (8)  feet, 
and  be  twenty  (20)  inches  in  depth  unless  a  concrete  footing  is  specified  to  be  used,  when 
the  depth  shall  be  sixteen  (16)  inches. 

The  top  of  all  curbing  shall  be  dressed  to  an  even,  smooth  surface  for  full  length,  have 
straight,  even  edges,  and  a  one-quarter  i}'^)  inch  bevel.  The  front  faces  shall  be  hand 
dressed  full  length  for  a  depth  of  twelve  (12)  inches,  and  have  a  batter  of  one  (1)  inch  from 
the  top  of  the  curb  to  the  finished  line  of  the  gutter  and  be  straight  from  this  line  to  the 
bottom.  The  back  face  shall  be  hand  dressed  for  a  depth  of  three  (3)  inches.  All  dressed 
faces  shall  be  free  from  depressions,  projections  or  other  defects,  and  hand  dressed  in  a 
manner  equal  to  four  (4)  cut  stone  finish.  All  curbing  shall  have  square  ends  that  will 
permit  joints  being  made  not  more  than  one-quarter  {y'i)  inch  in  width  for  full  depth. 
112A.  Five-inch  Curbing. 

Five-inch  curbing  shall  be  five  (5)  inches  in  thickness  on  the  top  and  not  less  than  six 

(6)  nor  more  than  eight  (8)  inches  in  thickness  on  the  bottom;  other  dimensions  to  be  as 
above  specified. 

112B.  Sex-inch  Curbing. 

Six-inch  curbing  shall  be  six  (6)  inches  in  thickness  on  the  top  and  not  less  than  seven 

(7)  nor  more  than  eight  (8)  inches  in  thickness  on  the  bottom;  other  dimensions  to  be  as 
above  specified. 

112C.  Eight-inch  Curbing. 

Eight-inch  curbing  shall  be  not  less  than  eight  (8)  inches  in  thickness  on  the  top  nor  less 
than  nine  (9)  nor  more  than  eleven  (11)  inches  on  the  bottom;  other  dimensions  to  be  as 
above  specified. 
112D.  Circular  Curbing. 

Circular  curbing  shall  be  similarly  cut  and  dressed  in  the  same  manner  as  straight  curb- 
ing. It  must  be  so  cut  as  to  conform  accurately  to  the  required  radius.  The  ends  shall  be 
so  cut  as  to  permit  of  joints  being  made  of  not  more  than  one-quarter  Qy'i)  inch  in  width  for 
full  depth. 

113.  Paving  Blocks 

113 A.  New  Granite  Paving  Blocks. 

New  granite  paving  blocks  shall  be  prepared  from  a  granite  of  medium  or  fine-grained 
structure,  showing  an  even  distribution  of  the  constituent  minerals  of  uniform  quality, 
structure  and  texture. 

Physical  Properties:  The  granite  shall  have  a  French  coefficient  of  wear  of  not  less  than 
nine  (9).     The  average  of  three  determinations  shall  be  used  in  reporting  this  test. 

Dimensions:  The  blocks  shall  meet  the  following  requirements: 

Length  on  top 8  to  12  in. 

Width  on  top 33^  to  43^  in. 

Depth ■ 4^^  to  b^i  in. 

Dressing:  The  blocks  shall  be  so  dressed  that  the  faces  will  be  approximately  rectangular 
in  shape  and  the  ends  and  sides  sufficiently  smooth  to  permit  the  blocks  to  be  laid  with 
joints  not  exceeding  one-half  (Ja)  inch  in  width  at  the  top  and  for  a  distance  of  one  (1) 
inch  down  therefrom,  and  not  exceed  one  (1)  inch  in  width  at  any  other  part  of  the  joint. 
The  top  surface  of  the  block  shall  be  so  cut  that  there  will  be  no  depressions  measuring 
more  than  three-eighths  {%)  inch  in  depth  from  a  straight  edge  laid  in  any  direction  on  the 
top  of  said  block  and  parallel  to  the  general  surface  thereof. 

Care  shall  be  exercised  in  handling  the  blocks  so  that  the  edges  and  corners  shall  not  be 
chipped  or  broken.     Blocks  otherwise  acceptable  may  be  rejected  on  account  of  spalling. 

Inspection:  The  Engineer  or  his  authorized  representative  shall  select  at  the  work  not 
less  than  three  (3)  blocks  which  fairly  represent  the  actual  shipment.  These  blocks  shall 
be  tested  for  the  French  coefficient  of  wear. 

No  samples  shall  include  blocks  that  would  be  rejected  by  visual  examination.  The 
bedding  plane  shall  be  marked  on  at  least  two  (2)  of  the  blocks  selected.  All  deliveries 
shall  be  subject  to  further  inspection  at  the  work  prior  to  and  during  paving.     Blocks 
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received  at  the  work  that  are  manufactured  at  a  quarry  other  than  the  quarry  or  quarries 
stated  in  the  certificate  submitted  by  the  Contractor  at  the  time  of  bidding  shall  be  rejected. 

113B.  Recut  Granite  Paving  Blocks. 

The  recut  granite  paving  blocks  shall  be  made  from  the  blocks  in  the  street  or  roadway 
which  is  to  be  paved.  Additional  blocks  required  shall  be  either  new  granite  blocks  or 
made  from  other  used  granite  blocks  of  the  proper  size  and  equal  in  quality  to  those  in  the 
pavement  to  be  repaved. 

Physical  Properties:  All  recut  blocks  must  show  a  French  coefficient  of  wear  eciual  to  that 
specified  herein  for  new  granite  paving  blocks. 

Dimensions — The  blocks  shall  meet  the  following  requirements: 

Length  on  top Not  less  than  6  in. 

Width 3y2  to  4:}i  in. 

Depth 0i  to  5}i  in. 

Dressing:  The  blocks  shall  be  so  dressed  that  the  faces  will  be  approximately  rectangular 
in  shape  and  the  ends  and  .sides  sufficiently  smooth  to  permit  the  blocks  to  be  laid  with 
joints  not  exceeding  one-half  (32)  inch  in  width  at  any  part  of  the  joint.  Blocks  less  than 
six  and  one-half  (B^-^)  inches  in  length  shall  be  reclipped.  The  head  of  the  blocks  shall  be 
so  cut  that  they  shall  have  not  more  than  three-eights  (%)  inch  depression  across  the  head 
measured  from  a  straight  edge  held  parallel  to  the  general  surface  of  the  blocks. 

Inspection:  After  the  blocks  have  been  recut  they  shall  be  carefully  inspected.  Under- 
sized or  irregular  shaped  blocks  or  those  not  complying  with  the  above  requirements  shall 
be  rejected  and  must  be  removed  from  the  roadway. 

113C.  New  Sandstone  P.aving  Blocks. 

Sandstone  paving  blocks  shall  consist  of  the  best  quality  sandstone,  free  from  quarry 
checks  or  cracks,  and  shall  be  quarried  from  fine  grain  live  rock,  showing  a  straight  and  even 
fracture.  The  material  shall  be  of  uniform  quality  and  texture,  free  from  seams,  lines  or 
clay,  or  other  substances  which,  in  the  opinion  of  the  Engineer,  will  be  injurious  to  its  use 
as  paving  blocks. 

Physical  Properties:  All  sandstone  blocks  must  have  a  French  coefficient  of  wear  of  not 
less  than  nine  (9).  The  average  of  three  (3)  determinations  shall  be  made  in  reporting  this 
test. 

Dimensions:  The  blocks  shall  meet  the  following  requirements: 

Length  on  top 8  to  12  in. 

Width  on  top Z\i  to  4^-^  in. 

Depth 4^^  to  5>^  in. 

Dressing:  The  blocks  shall  be  dressed  in  the  same  manner  as  that  specified  for  new 
granite  paving  blocks. 

Inspection:  The  same  method  of  inspection  shall  be  used  as  that  specified  for  the  new 
granite  paving  blocks. 

113D.  DuR.\x  Paving  Blocks. 

Durax  paving  blocks  shall  be  cut  from  a  granite  that  complies  with  the  requirements 
specified  herein  for  new  granite  paving  blocks. 

Dimensions:  Durax  blocks  shall  have  .six  (6)  irregular,  approximately  square  surfaces, 
the  edges  of  which  shall  measure  not  less  than  two  and  three-quarter  (2^^)  inches,  nor  more 
than  four  (4)  inches. 

Dressing:  The  blocks  shall  be  dressed  so  as  to  conform  with  the  requirements  specified 
for  new  granite  blocks,  except  that  the  faces  shall  be  square  instead  of  rectangular. 

Inspection:  The  same  method  of  inspection  shall  be  used  for  Durax  blocks  as  that  speci- 
fied for  new  granite  blocks. 

113E.  Vitrified  Paving  Brick. 

All  brick  used  for  pavement  or  gutter  surfaces  shall  be  vitrified  and  prepared  especially 
for  paving  purposes.  They  shall  be  pressed  brick  with  lugs  or  wire-cut  lug  brick  when  the 
pavement  is  to  be  Portland  cement  grout  filled,  and  wire-cut  without  lugs  when  the  pave- 
ment is  to  be  filled  with  a  bituminous  cement  or  bituminous  mortar.  Special  forms  shall  be 
furnished  when  so  ordered  or  required  without  extra  compensation. 
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All  brick  shall  be  thoroughly  annealed,  tough  and  durable,  regular  in  size  and  shape,  and 
evenly  burned.  When  broken,  the  brick  shall  show  a  dense,  stonelike  body  free  from  lime, 
air  pockets,  cracks  or  marked  laminations.  Kiln  marks  shall  not  exceed  three-sixteenth 
(^^g)  inch,  and  the  wearing  surface  shall  show  but  slight  kiln  marks. 

Representative  samples  of  the  brick  shall  meet  the  following  requirements  when 
subjected  to  the  rattler  test: 

Average  loss  by  abrasion  on  3-in.  wire-cut  brick  twenty-five  (25)  per  cent.;  maximum, 
twenty-seven  (27)  per  cent. 

Average  loss  by  abrasion  on  Syo-in.  wire-cut  brick,  twenty-three  (23)  per  cent;  maxi- 
mum, twenty-five  (25)  per  cent. 

An  abrasion  loss  of  one  (1)  per  cent  lower  than  that  specified  above  will  be  required  for 
repressed  paving  brick. 

A  maximum  of  three  tests  may  be  used  as  a  basis  for  rejection. 

The  brick  shall  meet  the  following  dimensions: 

Either  8>2   X  3  X  4  in.,  or  8^  X  3>2   X  4  in. 
Variations  among  brick  from  a  single  plant  shall  not  exceed  the  following  limits: 

Inch 

Variation  in  length }^i 

Variation  in  width J'^ 

Variation  in  depth J-^ 

If  the  edges  of  the  brick  are  rounded,  the  radius  shall  not  exceed  three-sixteenth  {/■'(q) 
inch. 

The  name  or  trade-mark  of  the  manufacturer,  if  shown  on  the  brick,  shall  be  recessed 
and  not  raised. 

The  brick  shall  be  subjected  to  inspection  subsequent  to  delivery  and  during  laying  in 
order  to  cull  out  and  reject  upon  variations  from  the  general  and  dimensions  clauses  and 
upon  the  following  grounds: 

All  brick  which  are  broken  through  or  chipped  in  such  manner  that  neither  wearing 
surface  remains  substantially  intact,  or  in  such  manner  that  the  lower  or  bearing  surface 
is  reduced  in  area  by  more  than  one-eighth  (J^). 

All  brick  which  are  cracked  to  a  depth  greater  than  one-eight  (l^)  inch  on  any  surface, 
or  which  are  cracked  on  the  wearing  surface. 

All  brick  which  are  so  offsized  or  mis-shaped,  bent,  twisted,  or  kiln  marked  that  they 
will  not  form  a  proper  surface  or  align  properly  with  other  brick. 

All  brick  which  are  obviously  too  soft  and  too  poorly  vitrified  to  endure  street  wear. 

113F.  Asphalt  Blocks. 

These  blocks  shall  be  prepared  from  trap  rock  and  a  mineral  filler  of  ground  limestone  or 
Portland  cement  bound  together  with  an  asphaltic  cement.  The  trap  rock  shall  be 
prepared  by  recrushing  clean  %-in.  to  iJ-^-in.  stone  which  is  free  from  all  weathered  or 
decomposed  material  and  quarry  screenings.  The  product  thus  produced  must  all  pass 
through  a  screen  having  circular  openings  one-quarter  i}-^)  inch  in  diameter,  the  stone 
therein  shall  be  as  near  cubical  as  possible,  and  be  so  graded  as  to  produce  in  the  finished 
block,  the  mesh  composition  specified  below.  The  mineral  filler  must  fulfill  the  require- 
ments given  in  Article  97;  the  asphalt  cement,  those  for  Grade  NA.^,  as  defined  in  Article 
99  A. 

All  blocks  shall  be  uniform  in  texture  and  composition,  straight,  true  to  form,  free  from 
warp,  wind,  and  broken  corners  or  edges.  The  planes  of  the  opposite  faces  and  edges 
must  be  parallel.  Each  block  shall  be  five  (5)  inches  in  width,  twelve  (12)  inches  in  length, 
and  two  (2)  inches  in  depth  and  any  variation  therefrom  of  over  one-quarter  (J^)  inch  in 
length  or  one-eighth  04)  inch  in  width  or  depth  from  these  dimensions  will  cause  the 
rejection   of   such   blocks. 

Anchor  blocks  shall,  in  addition  to  meeting  the  requirements  specified  hereinabove,  have 
a  strip  of  sheet  iron  one  (1)  inch  wide  so  imbedded  in  the  block  that  it  is  firmly  held  in 
place,  does  not  project  less  than  three-eighths  (^s)  inch  or  over  one-half  ()^)  inch  below  the 
surface  of  the  face  of  the  block,  is  elliptical  in  shape,  the  major  axis  of  which  is  not  less 
than  nine  (9)  inches  oi  over  ten  (10)  inches  and  the  minor  axis  not  less  than  two  and  one- 
half  (23^)  inches  or  over  three  (3)  inches. 
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All  blocks  must  have  a  specific  gravity  at  15.5°C.,  of  not  less  than  2.40  and  be  so  pre- 
pared that  they  will  comply  in  all  respects  to  the  following  additional  requirements. 


Composition 

Size  of  screen  and  sieves 

Minimum,  per 
cent 

Maximum,  per 

Passing 

Retained  on 

cent 

3'^-in.  screen 

20-mesh 

100-mesh 

Bitumen  content 


/''4,-in.  screen 

20-mesh 

100-mesh 


0.0 
50.0 
30.0 
36.0 

8.0 


After  having  been  dried  for  twenty-four  (24)  hours  at  a  temperature  of  150°F.,  the 
blocks  shall  not  absorb  more  than  one  (1)  per  cent  of  water,  based  on  the  weight  after 
drying,  when  immersed  in  water  for  seven  (7)  days. 

The  average  penetration  of  the  block  under  the  punch  test  shall  not  exceed  0.25  in. 
at  100°F.,  and  1.00  in.  at  115°F. 

Blocks  which  have  the  corners  or  edges  broken  off  of  one  end  only  and  will  pass  the  other 
requirements  giving  hereinabove,  may  be  used  for  half  blocks  adjacent  to  curb,  for  breaking 
courses,  and  in  making  closures. 

In  addition  to  the  above  requirements,  the  block  must  be  prepared  by  a  manufacturer 
or  producer  who  is  experienced  in  the  preparation  of  such  blocks.  Before  approval  by  the 
Engineer  of  any  blocks  of  this  type,  the  manufacturer  or  producer  thereof  must  submit  a 
statement  giving  the  locations  of  two  or  more  pavements  that  are  five  (5)  years  or  more  old, 
have  given  good  ser\dce  during  this  time,  do  not  show  evidence  of  an  unnatural  wear  or 
deterioration,  and  were  constructed  of  paving  blocks  of  the  type  herein  specified. 

Each  consignment  or  carload  shall  be  sampled  in  such  a  manner  that  each  sample 
represents  about  ten  thousand  (10,000)  blocks.  The  blocks  selected  for  the  samples  shall 
be  taken  at  random  from  the  shipment  and  shall  represent  the  average  quality  of  blocks 
contained  in  the  consignment.  In  case  the  blocks  fail  to  pass  the  tests  herein  specified,  a 
check  analysis  shall  be  made  on  another  sample  similarly  selected.  If  the  check  sample 
passes  the  requirements  above  specified,  the  shipment  or  consignment  shall  be  accepted, 
otherwise  rejected,  unless  the  Engineer  shall  agree  to  resample  the  consignment. 

113G.  Wooden  Blocks. 

All  wooden  blocks  used  for  paving  purposes  shall  be  creosoted  in  the  manner  designed 
below,  and  comply  with  the  other  requirements  given. 

Quality  of  Wood  for  Blocks:  The  lumber  to  be  used  in  manufacturing  blocks  shall  be 
Southern  yellow  pine,  Norway  pine,  Douglas  fir,  tamarack,  black  gum  or  hemlock,  but 
only  one  kind  shall  be  used  on  any  one  section  of  pavement. 

The  blocks  shall  be  sound  and  shall  be  well  manufactured,  square-butted,  square  edged, 
free  from  unsound,  loose  or  hollow  knots,  knot  holes,  worm  holes,  and  other  defects  such  as 
shakes,  checks,  etc.,  which  would  be  injurious  to  the  blocks. 

The  number  of  annual  rings  in  the  one  (1)  inch  measured  radially,  which  begins  two  (2) 
inches  from  the  pith  of  the  block,  shall  not  be  less  than  six  (6),  provided,  however,  that 
blocks  containing  between  five  (5)  and  six  (6)  rings  in  this  inch  will  be  accepted  if  they 
contain  thirty-three  and  one-third  (33^)  per  cent  or  more  of  summer  wood.  In  case  the 
block  does  not  contain  the  pith,  the  one  (1)  inch  to  be  used  shall  begin  one  (1)  inch  from 
the  ring  which  has  the  shortest  radius.  When  being  treated  the  blocks  in  each  charge 
shall  contain  an  average  of  at  least  seventy  (70)  per  cent  of  heart-wood.  No  one  block 
shall  be  accepted  that  contains  less  than  fifty  (50)  per  cent  of  heart-wood. 

Size  of  Block:  Blocks  shall  be  from  five  (5)  to  ten  (10)  inches  in  length,  but  shall  have  an 
average  length  of  twice  the  depth;  they  may  be  from  three  (3)  to  four  (4)  inches  in  width, 
and  three  (3),  three  and  one-half  (3j-^)  or  four  (4)  inches  in  depth,  as  specified.     Only 
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block  of  a  single  width  shall  be  used  in  a  section  of  pavement.  A  variation  of  one-sixteelith 
('  16)  of  an  inch  shall  be  allowed  in  the  depth,  and  one-eighth  (^^s)  inch  in  the  width  of  the 
block. 

Properties  of  Preservatives:  The  preservative  to  be  used  in  manufacturing  of  block  shall 
be  a  coal  tar  distillate  or  a  coal  tar  paving  oil,  complying  with  the  requirements  given  there- 
for. The  preservatives  used  shall  be  designated  by  the  Engineer,  but  only  one  preser- 
vative shall  be  used  on  any  one  contract. 

Inspection  of  Preservative:  The  manufacturer  of  the  blocks  shall  permit  complete  samp- 
ling at  all  times  and  places,  and  shall  furnish,  if  required,  satisfactory  proof  of  the  origin  of 
the  preservative.  Samples  of  the  preservative,  taken  from  the  treating  tank  during  treat- 
ment, at  no  time  shall  show  an  accumulation  of  more  than  two  (2)  per  cent  of  sawdust,  dirt, 
or  other  foreign  materials.  Due  allowance  shall  be  made  for  such  accumulation  of  foreign 
materials  by  injecting  an  additional  quantity  of  preservative  into  the  blocks. 

Treatment  of  Blocks:  The  blocks  shall  be  treated  with  the  preservative  under  pressure 
so  that  they  shall  contain  not  less  than  sixteen  (16)  pounds  per  cubic  foot,  and  at  no  time 
shall  be  subjected  to  a  temperature  of  more  than  two  hundred  and  forty  (240)  degrees 
Fahrenheit.  They  shall  show  satisfactory  penetration  of  the  preservative  after  treatment. 
All  blocks  which  have  become  warped,  checked  or  otherwise  injured  in  the  process  of 
treatment  will  be  rejected. 

Inspection  of  Blocks:  The  blocks  will  be  subjected  to  inspection  before,  during  and  after 
treatment  and  may  be  reinspected  at  any  time.  The  plant  shall  be  equipped  with  gages 
and  appliances  necessary  for  suitable  inspection  and  every  facility  for  this  inspection  shall 
be  afforded. 

Handling  of  Blocks:  The  blocks  at  all  times  shall  be  kept  clean,  piled  neatly  and  shall  be 
handled  carefully,  as  blocks  otherwise  acceptable  may  be  rejected  if  they  become  coated 
with  dirt. 

114.  Pipes 

All  pipe  of  any  given  type,  grade  or  size  must  be  uniform  in  appearance,  composition 
and  texture.  The  smallest  inside  diameter  shall  be  the  governing  size.  Unless  otherwise 
specified,  all  lengths  must  be  straight,  true  to  form,  with  circular  cross-sections  and  free 
from  cracks,  holes,  ragged  chips  or  broken  ends.  No  culls,  second  grade,  used  or  second- 
hand, injured  or  defective  pipe,  shall  be  used,  or  other  grades  or  sizes  substituted  for  those 
specified.  No  pipe  shall  be  used  until  approved  by  the  Engineer.  Whenever  possible, 
the  manufacturer  should  have  consignments  inspected  and  approved  before  shipment. 

114A.  Drain  Tile. 

The  pipe  used  for  drain  tile  shall  be  either  vitrified  tile  or  machine-made  concrete  pipe, 
unless  otherwise  shown  on  plans. 

Vitrified  pipe  shall  be  of  the  best  grade,  first  quality,  salt-glazed  pipe  of  the  hub  and 
spigot  type.  The  grazing  shall  extend  uniformly  over  both  the  exterior  and  interior  sur- 
faces. It  shall  be  uniformly  and  thoroughly  burned,  free  from  blisters,  cracks,  or  other 
defects  that  will  injure  it  for  the  purpose  intended.  The  dry  pipe  must  give  a  clear  metallic 
ring  when  tapped.  It  shall  be  furnished  in  lengths  of  not  less  than  twenty-four  (24) 
inches.  The  inside  diameter  shall  be  the  determining  size.  Unless  otherwise  specified, 
all  lengths  must  be  straight.  AVhen  required,  curved  or  special  forms  of  pipe  shall  be 
furnished. 

Concrete  drain  pipe  shall  be  made  of  the  same  materials  and  in  the  manner  specified  for 
machine  made  reinforced  concrete  pipe,  given  below,  with  the  exception  that  no  reinforcing 
metal  is  required  and  the  ultimate  strength  of  pipe  shall  be  1,000  D.  The  dimensions 
for  this  kind  of  pipe  shall  conform  to  the  A.  S.  T.  M.  requirements,  Serial  Designation 
C14-21. 

114B.  Cast-iron  Pipe. 

All  cast-iron  pipe  shall  be  of  the  hub  ahd  spigot  style.  It  shall  be  manufactured  in  the 
lengths  specified.  When  no  length  is  designated,  it  shall  be  manufactured,  in  lengths  not 
less  than  three  (3)  feet  nor  more  than  twelve  (12)  feet.  Unless  otherwise  specified,  each 
length  shall  have  square  ends,  be  straight  in  the  direction  of  the  cylinder  and  the  inner 
and  outer  surfaces  shall  be  concentric  and  true  circles  in  cross-section.     All  pipe  shall  be 
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smooth,  free  from  scales,  lumps,  blisters,  cracks,  broken  ends  or  other  defects  considered 
injurious  for  the  use  intended.  Small  sand-  or  blow-holes  will  not  be  considered  defects. 
Each  joint  shall  have  the  maker's  initials  cast  upon  it  in  raised  letters. 

All  cast-iron  pipe  shall  be  made  from  first  quality  cast  iron  which  is  free  from  clinker  iron 
or  other  inferior  iron.  It  must  produce  a  sound,  tough,  durable  casting,  having  a  uniform, 
even  grain  that  is  soft  enough  to  admit  .satisfactorily  of  drilling  and  cutting. 

Either  cast-iron  water  pipe,  Grade  A,  or  cast-iron  culvert  pipe  will  be  accepted  provided 
it  complies  with  the  requirements  given  above  and  its  weight  per  lineal  foot  is  not  less  than 
that  given  below  for  the  different  sizes. 


Nominal  inside  diameter, 
inches 


Thickness,  inches 


Weight  per  lineal  foot, 
pound 


4 

0.42 

20.0 

6 

0,44 

30.8 

8 

0.46 

42.9 

10 

0.50 

57.1 

12 

0.54 

72.5 

14 

0.57 

89.6 

16 

0.60 

108.3 

18 

0.64 

129.2 

20 

0.67 

150.0 

24 

0.76 

204.2 

30 

0.88 

291.7 

36 

0.99 

391.7 

No  pipe  will  be  accepted,  the  weight  of  which  shall  be  five  (5)  per  cent  less  than  the 
weights  herein  specified. 

Each  section  of  cast-iron  pipe  shall  be  coated  inside  and  outside  with  coal-tar  pitch 
varnish  to  which  sufficient  linseed  oil  has  been  added  to  make  a  smooth  coat,  tough  and 
tenacious  when  cold,  with  no  tendency  to  scale  off. 

114C.    CORRUG.\TED  ShEET  IrON  OR  StEEL. 

Size  and  Shape:  Each  joint  shall  have  square  ends,  be  circular  in  form  and  of  the  size 
and  length  indicated  on  plans.  When  no  particular  length  of  joint  is  indicated,  the  pipe 
shall  be  shipped  in  standard  lengths  of  the  required  size.  The  inlet  and  outlet  ends  shall 
be  reinforced  by  a  round  rod  not  less  than  one-half  (J^^)  inch  in  diameter.  Sufficient  metal 
shall  be  lapped  over  this  rod  to  cover  it  completely.  Each  joint  shall  be  firmly  and  neatly 
riveted  together,  the  rivets  being  spaced  not  over  three  (3)  inches  apart  in  longitudinal 
seams,  nor  more  than  eight  (8)  inches  apart  in  circumferential  seams.  The  metal  shall  be 
lapped  not  less  than  one  and  one-half  {l}4)  inches  in  longitudinal  seams  nor  less  than  one 
(1)  corrugation  in  circumferential  seams. 

Composition  of  Materials  Used:  All  corrugated  pipe  shall  be  manufactured  from  gal- 
vanized sheets  of  iron  or  steel  that  were  prepared  from  either  a  pure  iron  or  a  copper-bearing 
pure  iron  steel.  These  sheets  must  be  uniform  in  thickness,  and  free  from  blisters,  scales, 
or  other  defects  which  will  injure  them  for  galvanizing.  All  rivets,  reinforcing  rods  and 
couplings  or  connecting  bands  shall  be  made  from  the  same  grade  metal  as  the  body  of  the 
pipe. 

Pure  iron  shall  be  so  refined  that  it  shall  have  an  iron  content  of  not  less  than  ninety- 
nine  and  seventy-nine  hundredths  (99.79)  per  cent,  copper-bearing  pure  iron,  not  less  than 
99.75  per  cent  and  not  less  than  0.20  per  cent  of  copper.  Copper  steel  shall  be  so  prepared 
that  it  shall  contain  not  less  than  three-tenths  (0.3)  of  one  (1)  per  cent  of  copper  nor  more 
than  fifteen  hundredths  (0.15)  per  cent  of  Carbon,  five  hundredths  (0.05)  per  cent  of 
Sulphur,  four  hundredths  (0.04)  per  cent  Phosphorus,  and  from  thirty  hundredths  (0.30) 
to  forty-five  hundredths  (0.45)  per  cent  Manganese. 

Galvanizing:  All  sheet  metal  used  in  the  manufacture  of  corrugated  pipe  shall  be  galvan- 
ized on  both  sides  by  the  hot  dipping  process.     Each  square  foot  of  uncorrugated  sheet 
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shall  contain  not  less  than  two  (2)  ounces  of  spelter,  evenly  distributed  over  both  surfaces. 
The  zinc  coating  must  be  uniform  in  thickness,  completely  cover  both  sides,  firmly  adhere 
thereto,  and  be  free  from  imperfections  of  any  kind,  and  show  no  signs  of  cracking  or  blister- 
ing. All  rivets,  reinforcing  rods,  and  couplings  or  connecting  bands  shall  be  galvanized  in 
the  same  manner  as  the  sheets. 

Corrugation:  The  corrugations  of  any  one  given  size  of  pipe  shall  be  uniform  but  must 
not  be  less  than  three-eighths  (%)  inch  in  depth,  nor  more  than  three  (3)  inches  from  center 
to  center. 

Gages  of  Sheets  Required:  Corrugated  metal  pipe  shall  be  made  of  sheets  of  the  follow- 
ing thickness  (U.  S.  Standard  Gage  Measure) : 

Diameter  Gage 

Pipe  from  12  to  20  in.  shall  not  be  lighter  than  16 
Pipe  from  24  to  30  in.  shall  not  be  lighter  than  15 
Pipe  from  36  to  42  in.  shall  not  be  lighter  than  14 
Pipe  from  48  to  60  in.  shall  not  be  lighter  than  12 

114D.  Reinforced  Concrete  Pipe. 

Type  of  Pipe:  Reinforced  concrete  pipe  may  be  either  cast  or  machine  made.  Each 
type  shall  conform  in  size,  shape  and  reinforcement  to  the  standards  as  shown  in  the  table 
forming  a  part  in  these  specifications.  The  letter  C  or  M  shall  be  plainly  impressed  upon 
the  outside  surface  of  each  length  of  pipe  to  designate  whether  it  is  cast  or  machine-made 
respectively.  Each  length  of  pipe  shall  also  be  clearly  marked  with  the  date  of  manufacture 
and  the  name  or  trade  mark  of  the  manufacturer. 

Shape:  All  concrete  pipe  12  in.  or  over  in  diameter  shall  be  reinforced  as  herein  specified 
and  be  of  the  bell  and  spigot  type  unless  some  other  type  is  specified  or  shown  on  the  plan. 
Each  section  shall  have  square  ends,  be  circular  or  elliptical  in  cross-section,  unless  other- 
wise specified,  and  have  walls  of  uniform  thickness  throughout  except  the  bell  end,  which 
shall  have  a  thickness  of  not  less  than  three-fourths  0:1)  of  the  wall  thickness  at  a  point 
3^^  in.  from  the  end  of  the  bell. 

Size:  It  shall  be  cast  in  sections,  the  length  of  which  shall  be  as  herein  specified  or  shown 
on  plans.  When  no  particular  length  is  specified,  the  pipes  shall  be  manufactured  in 
standard  lengths  of  not  less  than  four  (4)  feet,  nor  more  than  six  (6)  feet.  The  smallest 
inside  diameter  shall  govern  in  deciding  the  sizes  of  any  given  pipe. 

Joints:  The  bell  end  shall  be  so  constructed  that  the  spigot  end  will  enter  to  full  depth. 
The  distance  the  spigot  end  must  enter  freely  shall  be  as  follows:  12  to  18-in.  pipes  not  less 
than  two  and  one-half  (23^^)  inches;  18  to  30-in.  pipe,  not  less  than  three  (3)  inches;  and  30 
to  72-in.  pipe,  not  less  than  three  and  one-half  (3)^^)  inches. 

Finish:  The  surface  of  all  pipe,  both  interior  and  exterior  shall  be  smooth  and  even,  of 
uniform  texture,  free  from  surface  checks,  cracks,  blisters,  fractures,  laminations,  lean  and 
porous  spots.  The  pipe  shall  be  true  to  dimensions  intended  in  the  design  with  a  per- 
missible variation  from  the  true  form  of  not  more  than  13*^  per  cent.  The  shell  of 
the  pipe  may  be  thicker  than  called  for  in  the  designs,  but  it  shall  not  be  less  than  the 
designated  shell  thickness  by  more  than  5  per  cent. 

Composition:  Concrete  pipe  shall  be  prepared  from  a  concrete  mortar  having  the 
following  composition: 

Portland  cement 1  part  by  volume 

Fine  aggregate 1  to  2  parts  by  volume 

Coarse  aggregate 3  parts  by  volume 

and  sufficient  reinforcing  metal  to  meet  the  requirements  given  below. 

Materials:  The  Portland  cement  shall  comply  with  the  requirements  given  in  Article 
96.  The  fine  aggregate  shall  be  concrete  sand,  complying  with  the  requirements  given  in 
Article  95-B,  The  coarse  aggregate  shall  be  dustless  screenings  prepared  from  trap  rock, 
dolomite  or  pea  gravel  as  defined  in  Articles  92  and  94  respectively. 

The  reinforcing  metal  shall  be  woven  wire  mesh,  expanded  metal,  rods,  hoops,  or 
spirals  manufactured  from  billet  steel  which  complies  with  the  requirements  specified 
therefor  by  the  American  Society  for  Testing  Materials,  Serial  Designation  A  15-14.  It 
must  be  free  from  grease,  dirt,  rust,  or  any  foreign  material  that  will  prevent  the  concrete 
from  properly  adhering  thereto. 
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Preparation:  Concrete  pipe  shall  be  prepared  from  the  naaterials  above  specified.  Each 
length  shall  be  cast  in  a  single  operation.  The  moulds  must  be  properly  assembled,  cleaned 
and  oiled  when  so  ordered  before  any  concrete  mortar  is  placed  therein.  The  reinforcing 
metal  must  be  so  held  in  the  required  position  that  it  will  not  be  displaced  during  manu- 
facture of  the  pipe.  For  cast  pipe  the  forms  shall  not  be  removed  until  the  concrete  is  at 
least  twelve  (12)  hours  old,  and  after  removal  unless  steam  cured,  the  pipe  must  be  covered 
and  be  kept  wet  at  least  ten  (10)  days.  Pipe  manufactured  when  the  atmospheric  temper- 
ature may  drop  below  35°F.  must  be  so  protected  that  the  concrete  therein  will  not  at  any 
time  have  a  temperature  below  35°F.,  until  the  concrete  is  at  least  seven  (7)  days  old.  Pipe 
shall  not  be  shipped  for  use  that  is  less  than  fourteen  (14)  days  old. 

Reinforcement:  All  pipe  shall  be  reinforced  as  herein  specified.  Pipe  under  thirty  (30) 
inches  in  diameter  shall  have  a  single  line  of  reinforcement,  thirty  (30)  inches  and  above, 
two  lines  of  reinforcements  as  shown  in  the  table  below  or  an  approved  method  of  reinforce- 
ment developing  equivalent  strength. 

Single  lines  of  reinforcement  shall  be  placed  at  equal  distances  from  the  inside  and  out- 
side surfaces  of  the  pipe. 

Double  lines  of  reinforcement  shall  be  placed  parallel  to  each  other  and  one  (1)  inch  from 
the  inside  and  outside  surface  walls  of  the  pipe,  other  requirements  to  be  as  above  defined 
for  single  line  reinforcements. 

Longitudinal  reinforcement  shall  extend  full  length  of  each  section  and  into  the  bell,  and 
shall  be  wired  or  otherwise  securely  fastened  to  the  body  and  bell  reinforcement. 

Circular  reinforcement  shall  extend  completely  around  the  pipe  and  have  adjacent 
ends  lap  not  less  than  forty  (40)  diameters  of  the  circular  reinforcement  and  be  firmly 
fastened  together. 

The  thickness  of  the  pipe  walls  and  total  cross-sectional  area  of  circular  and  longitudinal 
reinforcement  for  the  different  sizes  of  the  pipe  shall  be  not  less  than  those  shown  in  the 
table  given  below: 


Cast  pipe 

Machine-made  pipe 

Longitudinal  rein- 
forcing 

Diameter 

of  pipe, 
inches 

Shell 

thickness, 

inches 

Minimum 
area  of  circular 

reinforcing 
per  ft.  of  pipe 

Shell 

thickness, 

inches 

Minimum 
area  of  circular 

reinforcing 
per  ft.  of  pipe 

Minimum 

number  of 

long 

Minimum 

total  area 

long 

12 

2 

0.070 

IH 

0.093 

4 

0.196 

15 

2H 

0.096 

iH 

0.123 

4 

0.196 

18 

2M 

0.123 

2 

0.160 

4 

0.196 

24 

3 

0.180 

2M 

0.220 

4 

0.196 

30 

33i 

2   X  0.167 

3 

2  X  0.210 

8 

0.392 

36 

4 

2  X  0.200 

3 

2  X  0.300 

8 

0.614 

42 

4H 

2  X  0.230 

3H 

2  X  0.320 

8 

0.614 

48 

5 

2  X  0 . 265 

4 

2  X  0 . 350 

8 

1.200 

54 

5H 

2  X  0.300 

4>i 

2  X  0.390 

12 

1.326 

60 

6 

2  X  0.330 

5 

2  X  0.410 

12 

1.326 

Strength:  When  supported  at  the  bottom  upon  a  knife  edge  one  (1)  inch  in  width,  or 
upon  two  rounded  bearings  centered  two  (2)  inches  apart,  in  such  manner  that  an  even 
bearing  is  pro\'ided  throughout  the  whole  length,  exclusive  of  the  bell,  and  load  is  applied 
at  the  crown  through  a  similar  knife  edge,  all  pipe  twenty-four  (24)  inches  in  diameter  and 
greater  shall  withstand,  without  the  appearance  of  a  visible  crack  extending  through  the 
entire  length  of  the  pipe,  a  load  of  1,000  D  lb.  per  lineal  foot  of  laying  length;  all  pipe 
of  a  diameter  less  than  24  in.  when  tested  in  a  similar  manner  shall  withstand  a  load  of 
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1,330  lb.,  as  specified  for  larger  size  pipe.  When  tested  to  destruction,  all  pipe  of  twenty- 
four  (24)  inches  diameter  and  greater  shall  show  an  ultimate  strength  of  not  less  than  1,500 
D  lb.  per  lineal  foot  of  laying  length;  all  pipe  of  a  diameter  less  than  twenty-four  (24) 
inches  shall,  in  a  similar  manner,  show  an  ultimate  strength  of  not  less  than  2,000  D  lb. 
per  lineal  foot  of  laying  length.  In  the  above  expression  of  load  D  is  the  inside  diameter 
of  the  pipe  in  feet. 

Absorption:  The  maximum  average  absorption  as  obtained  by  the  A.  S.  T.  M.  standard 
boiling  test  shall  not  exceed  eight  (8)  per  cent  by  weight. 

Testing:  Each  manufacturer  furnishing  pipe  under  these  specifications  shall  be  fully 
equipped  to  carry  out  the  tests  herein  designated.  Upon  the  demand  of  the  Department 
and  under  its  supervision,  the  manufacturer  shall  perform  such  number  of  tests  as  the 
Department  may  deem  necessary  to  establish  the  quality  of  the  pipe  offered  for  its  use. 
Failure  of  any  size  of  pipe  to  meet  the  test  requirements  shall  be  sufficient  cause  for  rejec- 
tion of  all  pipes  of  that  size,  which  the  test  specimen  represents. 

Inspection:  All  pipes  shall  be  subject  to  inspection  at  the  factory,  or  point  of  delivery,  by 
a  competent  inspector  employed  by  the  Department.  The  purposes  of  the  inspection 
shall  be  to  cull  and  reject  pipes  which,  independent  of  the  physical  tests  herein  specified, 
fail  to  meet  the  requirements  of  these  specifications  and  rejection  through  inspection  may 
be  made  on  account  of  any  of  the  following: 

(a)  Porous  spots  on  either  inside  or  outside  surface  of  pipe  having  an  area  of  more  than 
ten  (10)  square  inches  and  a  depth  of  more  than  one-half  inch. 

(h)   Pipe  which  have  been  patched  to  repair  porous  spots,  cracks  or  other  defects. 

(c)  Variations  in  any  dimension  exceeding  the  permissible  variations. 

(d)  Fractures  or  cracks  passing  through  the  body  or  bell,  except  that  a  single  crack  at 
either  end  of  pipe  not  exceeding  three  inches  in  length  or  a  single  fracture  in  the  bell  not 
exceeding  2  in.  in  depth  nor  extending  more  than  10  per  cent  around  the  circumference  of 
the  bell  will  not  be  considered  cause  for  rejection. 

(e)  Failure  to  give  a  clear  ringing  sound  when  tapped  with  a  light  hammer. 

(/)  Exposure  of  the  reinforcement  when  such  exposure  would  indicate  that  the  rein- 
forcement was  misplaced. 

(g)  In  machine-made  pipe  the  entire  absence  from  the  exterior  surface  of  a  pipe  of  the 
characteristic  water  marks  due  to  suction,  caused  by  the  removal  of  the  outer  form,  shall  be 
considered  proof  of  an  insufficient  quantity  of  mixing  water  and  shall  be  sufficient  cause  for 
rejection  of  such  pipe. 

115.  Reinforcing   Metal 

All  reinforcing  metal  shall  be  made  from  open-hearth  or  Bessemer  steel,  complying  with 
the  A.  S.  T.  M.  Standard  Requirements  of  tentative  standards  for  the  type  of  steel  from 
which  the  reinforcing  metal  is  required  to  be  made. 

When  any  special  design,  shape  or  form  of  reinforcing  metal  is  specified  to  be  used,  the 
same  shall  be  used  in  the  manner  and  in  the  quantity  required.  All  reinforcement  shall  be 
placed  as  shown  or  as  otherwise  ordered  by  the  Engineer.  It  must  be  free  from  rust, 
paints,  oils,  grease,  or  other  foreign  materials  that  will  prevent  the  proper  bond  being 
secured  between  the  concrete  and  the  metal.  All  reinforcement  must  be  straight  unless 
curved  or  special  shapes  are  required.  When  so  required,  they  must  have  the  designated 
shape  when  used. 

When  reinforcing  bars  or  rods  have  to  be  spliced,  the  lap  shall  be  not  less  than  forty  (40) 
diameters  for  deformed  rods,  or  fifty  (50)  diameters  for  plain  rods.  The  lapped  ends  shall 
be  firmly  clamped  together  or  otherwise  securely  fastened  in  a  manner  satisfactory  to  the 
Engineer.  All  bars  or  rods  shall  be  firmly  and  securely  fastened  together  in  a  satisfactory 
manner  at  all  intersections.  At  intersections  the  members  in  reinforcing  fabric  shall  be 
welded  or  otherwise  securely  fastened. 

116.  Structural  Steel 

Structural  steel  shall  be  prepared  from  a  steel  that  complies  with  the  requirements  given 
in  Volume  16,  Part  1  of  the  A.  S.  T.  M.,  Pages  99  and  111  to  113.  A  coupon  giving  the 
analysis  of  the  Melt  Number  from  which  the  steel  forms  or  structures  were  made  shall  be 
furnished  with  each  .shipment. 
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Whenever  any  special  forms  or  shapes  are  specified  to  be  used,  the  steel  shall  be  made  to 
conform  to  such  shapes  and  dimensions.  The  methods  used  in  manufac^turing  the  steel 
into  the  forms  required  shall  be  such  that  the  steel  is  not  injured  thereby.  All  shearing 
and  chipping  shall  be  neatly  and  accurately  done,  and  all  portions  of  the  steel  which  will  be 
exposed  to  view  must  be  neatly  finished.  All  holes  must  be  neatly  punched  and  riveting 
and  bolting  performed  in  a  workmanlike  manner.  Undersized  holes  shall  be  reamed  to 
size.     All  pins  and  rivets  must  be  full  size  and  flt  accurately  at  normal  temperature. 

All  structural  steel  must  be  protected  from  the  weather  and  have  clean  surfaces  before 
being  worked  into  the  proper  shapes  or  forms.  When  structures  are  required  to  be  painted 
before  shipment,  the  surfaces  must  be  cleaned  and  given  a  coat  of  an  approved  paint. 

117.   Miscellaneous  Iron  and  Steel 

All  cast  iron,  malleable  iron,  or  cast-steel  castings  shall  be  prepared  in  the  manner  and 
from  a  metal  which  complies  with  the  A.  S.  T.  M.  requirements  as  defined  in  the  1918 
Year  Book,  Pages  406,  403  and  220  respectively. 

When  any  special  size,  shape  or  form  is  specified  to  be  used,  the  casting  must  comply 
with  these  dimensions.  All  castings  must  have  the  weight  and  thickness  of  metal 
as  specified  or  shown  on  plans.  They  must  be  neatly  finished,  free  from  fins,  broken  edges, 
blow-holes,  cracked  sections  or  warped  surfaces.  They  must  be  properly  protected 
during  shipment  and  painted  when  so  specified. 

118.   Guard  Rails 

Guard  rails  shall  be  made  either  of  wood  or  galvanized  pipe  as  specified.  The  dimen- 
sions or  sizes  of  materials  to  be  used  therefor  shall  be  as  specified.  When  no  definite  size 
or  character  of  material  as  specified  for  a  given  type  of  guard  rail,  the  material  furnished 
shall  comply  with  the  requirements  given  below  for  such  materials. 

118A.  Wooden  Guard  Rails. 

jThe  lumber  used  in  all  wooden  guard  rails  shall  be  well  seasoned,  straight-grained,  sound, 
surfaced  on  all  sides  and  be  free  from  shattered  or  cracked  ends,  barked  edges,  loose  or 
unsound  knots  and  reasonably  free  from  other  knots. 

The  wooden  rails  shall  be  made  from  long  leaf  yellow  pine,  chestnut  or  oak.  The  top 
rails  or  caps  shall  be  2-in.  plank,  eight  (8)  inches  wide,  sixteen  (16)  feet  long.  The  bottom 
rail  shall  be  2-in.  plank  ten  (10)  inches  wide,  and  sixteen  (16)  feet  long.  All  rail  plank 
must  have  square  ends  for  the  full  width  of  the  plank.  Rails  and  caps  shall  have  their 
joints  on  alternate  posts. 

Posts  shall  be  made  from  chestnut,  oak,  locust,  white  or  red  cedar.  They  shall  not  be 
less  than  seven  (7)  feet  in  length,  six  (6)  inches  square,  have  the  top  ends  cut  to  the  bevel 
required,  the  lower  end  off  square,  and  the  lower  four  (4)  feet  treated.  The  treatment 
shall  consist  of  immersing  the  posts  in  a  bath  of  hot  tar.  The  tar  used  for  this  purpose 
shall  be  Grade  A  or  U^,  as  defined  in  Articles  lOOA  and  lOOB.  The  tar  shall  be  heated 
between  225  and  275°F.,  and  kept  at  this  temperature  during  the  treatment  of  the  posts. 

The  posts  shall  be  placed  in  a  vertical  position  in  the  hot  tar  for  not  less  than  thirty  (30) 
minutes,  or  as  much  longer  as  is  needed  to  heat  the  lower  four  (4)  feet  of  the  posts  to  the 
same  temperature  as  the  tar.  Immediately  upon  removing  from  the  hot  tar,  it  shall  be 
immersed  in  a  bath  of  cold  tar  of  the  same  grade  until  cooled  to  normal  temperature.  The 
portion  of  the  posts  treated  shall  be  slightly  in  excess  of  the  depth  that  the  posts  will  be 
placed  in  the  ground,  but  in  no  case  shall  the  treatment  extend  more  than  six  (6)  inches 
above  the  ground. 

118B.  Galvanized  Pipe  Rails. 

All  pipe  shall  be  made  from  the  best  grade  of  galvanized  wrought-iron  pipe  that  is  equal 
in  every  respect  to  the  best  grade  of  "Byers'  Wrought-iron  Galvanized  Pipe."  All  such 
pipe  must  have  an  even,  smooth  surface,  be  full  weight  and  thickness,  well  threaded  and 
free  from  rust  or  cracks.  All  fittings  used  in  pipe  guard  railing,  shall  be  galvanized  and 
made  from  malleable  iron  that  is  free  from  flaws,  cracks,  etc.  They  shall  be  neatly  threaded 
or  bored  to  the  required  size  needed  for  the  proper  installation  of  the  pipe. 
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119.  Timber  and  Lumber 

General. 

All  timber  or  lumber  shall  be  well  seasoned,  straight  grained,  sound,  free  from  loose 
knots,  worm  holes,  shattered  or  cracked  ends,  barked  edges,  or  other  defects  that  impair  its 
strength  or  durability  for  the  use  intended.  It  must  be  cut  or  sawed  to  the  specified  size 
and  dimensions,  and  when  painting  is  required,  must  be  surfaced  on  all  faces  to  be  painted 
It  must  be  of  sufficient  length  to  give  square  ends  for  full  width  of  the  length  specified. 

When  a  special  kind  or  grade  of  timber  or  lumber  is  specified,  this  kind  or  grade  must  be 
furnished.  When  no  kind  or  grade  is  specified,  the  wood  may  be  white  oak,  chestnut,  long 
leaf  yellow  pine.  Timber  for  use  as  piling  must  withstand  the  specified  driving  without 
spreading  or  excess  brooming  of  the  head.  It  must  be  not  less  than  six  (6)  inches  in 
diameter  at  the  point  or  ten  (10)  inches  at  the  butt.  It  must  have  a  uniform  taper  from 
butt  to  tip,  have  the  bark  removed,  be  free  from  short  bends,  and  a  straight  line  from  the 
center  of  the  butt  to  the  center  of  the  tip,  shall  lie  wholly  within  the  body  of  the  pile. 
All  knots  or  blemishes  must  be  trimmed  off  close  and  even  with  the  body  of  the  pile.  The 
lower  ends  shall  be  cut  square  or  tapered  as  may  be  directed  by  the  Engineer. 

Timber  or  lumber  to  be  creosoted,  unless  otherwise  specified,  shall  comply  with  the 
requirements  given  above  and  shall  be  long  leaf  yellow  pine.  It  must  be  treated  with  the 
creosote  oil  described  in  paragraph  102,  and  the  treatment  so  performed  that  the  wood 
will  absorb  not  less  than  twelve  (12)  pounds  of  oil  per  cubic  foot  for  lumber  having  a 
minimum  cross-section  not  over  four  (4)  inches,  or  eight  (8)  pounds  per  cubic  foot  for  lumber 
having  a  minimum  cross-section  of  not  less  than  six  (6)  inches. 


120.  Paints 

120A.  General. 

All  paints  shall  be  shipped  in  strong,  substantial  containers,  plainly  marked  with  the 
name  and  weight  of  paint  content,  and  name  and  address  of  the  manufacturer.  When  so 
requested,  samples  and  analysis  of  all  pigments,  oils,  thinners,  or  driers  used,  or  paints 
furnished  shall  be  supplied  by  the  manufacturer  within  ten  (10)  days  after  request  is  made 
therefor. 

Paints  shall  consist  of  pigments  of  the  required  fineness  and  composition,  ground  to  the 
desired  consistency  in  raw  or  boiled  linseed  oil,  to  which  shall  be  added  additional  oil,  and 
a  thinner,  or  a  drier,  or  both.  All  pigments,  oils,  thinners,  and  driers  used  shall  be  of  the 
best  quality,  free  from  adulterants  of  any  kind,  and  shall  comply  with  the  requirements 
given  below  for  these  materials. 

120B.  Paint  Paste. 

All  paint  paste  shall  consist  of  the  specified  pigment  or  pigments  ground  in  linseed  oil  to 
the  required  consistency.  The  paste  must  be  so  prepared  that  it  is  uniform  in  composition 
and  consistency,  will  not  cake  or  segregate  in  the  retainers,  and  will  easily  break  up  in  oil 
to  form  a  smooth,  uniform  paint  of  brushing  consistency  which  will  not  run  nor  sag.  The 
color,  hiding  power,  and  weight  per  gallon  when  specified  shall  be  the  same  or  equal  to  the 
approved  sample. 

120C.  Ready  Mixed  Paints. 

To  prepare  a  paint  so  that  it  will  have  the  required  consistency  and  curing  properties 
for  the  use  intended,  the  paste  shall  be  mixed  with  sufficient  linseed  oil,  turpentine,  and 
drier  to  produce  a  paint  having  these  properties.  Unless  otherwise  specified,  the  exact 
quantity  of  linseed  oil,  turpentine,  and  drier  required  for  this  purpose  shall  be  determined 
by  the  Engineer. 

120D.  Raw  and  Boiled  Linseed  Oil. 

Raw  linseed  oil  must  be  strictly  pure,  well  settled  linseed  oil,  perfectly  clear  and  not 
show  any  sediment  or  loss  of  more  than  two- tenths  (.2)  per  cent  when  heated  for  one-half 
(3^^)  hour  at  temperature  between  105  and  130°C. 

Boiled  linseed  oil  shall  be  made  by  heating  the  raw  linseed  oil  to  at  least  350°F.,  with 
oxides  of  lead  and  manganese  for  a  sufficient  length  of  time  to  secure  the  proper  combination 
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of  the  constituents.  After  this  it  shall  bo  properly  clarified  by  settling  or  other  suitable 
treatment. 

The  oil  shall  be  rejected  if  it  shows  the  presence  of  any  foreign  matter,  other  than  lead 
or  manganese  or  compounds  of  these  metals. 

Raw  and  boiled  linseed  oil  shall  conform  to  the  following  requirements: 


Material 

Raw  linseed  oil 

Boiled  linseed  oil 

Tests 

Min. 

Max. 

Min. 

Max. 

1.  Specific  gravity  at  15.5°C./15.5°C. 

2.  Acid  number 

0.932 

189 

1.479 
180 

0.936 
6.00 
195 
1.50 
1.4805 

0.937 

189 

1.479 

178 
0.2 
0.03 

0.1 

0.945 
8  00 

3.  Saponification  number 

195 

4.  Unsaponificable  matter,  per  cent 

5.  Refractive  index  at  25°C 

6.  Iodine  number  (Hanus) 

7.  Ash,  per  cent 

8.  Manganese,  per  cent 

9.  Calcium,  per  cent 

10.  Lead,  per  cent 

1.50 

1.484 

0.7 
0.3 

laOE.  Turpentine  or  Thinner. 

Turpentine  shall  be  the  distillate  commonly  known  as  "Gum  Turpentine"  or  "Spirits 
Turpentine"  which  is  distilled  from  pine  oleoresins  or  the  product  secured  from  resinous 
wood  by  extraction  with  volatile  solvents,  by  steam  or  by  destructive  distillation.  Either 
or  both  of  these  two  products;  gum  spirits  or  wood  turpentine,  shall  be  furnished  for  use 
when  so  specified. 

The  turpentine  shall  be  clear  and  free  from  suspended  matter  and  water. 
The  color  shall  be  "Standard"  or  better. 

The  specific  gravity  shall  not  be  less  than  0.862  nor  more  than  0.872  at  15.5°C. 
The  refractive  index  at  15.5°C.  shall  not  be  less  than  1.468  nor  more  than  1.478. 
The  initial  boiling  point  shall  not  be  less  than  150  nor  more  than  160°C. 
Ninety  (90)  per  cent  of  the  turpentine  shall  distill  below  170°C. 

The  polymerization  residue  shall  not  exceed  two  (2)  per  cent,  and  its  refractive  index  at 
15.5°C.  shall  not  be  less  than  1.500. 

120F.  Drier. 

The  drier  shall  be  composed  of  lead  and  manganese  oxides  in  combination  with  pure 
linseed  oil  and  solvent.  It  must  be  free  from  adulterants,  sediment  and  suspended  matter. 
It  shall  not  flash  below  95°F.  in  an  open  tester  or  72°F.  in  a  closed  Abel  tester. 


120,G.  Pure  White  Lead. 

Dry  Pigment:  The  pigment  shall  be  a  pure  basic  carbonate  of  lead  of  the  formula 
2PbC03PbOH2,  containing  sixty-five  (65)  to  seventy-five  (75)  per  cent  of  lead  carbonate, 
and  not  more  than  two  (2)  per  cent  of  total  impurities,  including  moisture.  It  shall  be 
ground  to  such  fineness  that  it  will  all  pass  a  200-mesh  sieve  and  contain  no  more  than  two 
(2)  per  cent  material  retained  on  a  325-mesh  sieve. 

Paste:  The  paste  shall  bp  the  dry  pigment  ground  in  oil  in  the  manner  specified  above. 
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It  shall  consist  of: 


Percentages 

Minimum 

Maximum 

Pigment 

90 

8 

92  0 

Linseed  oil 

10  0 

Moisture  and  other  volatile  matter 

Coarse  particles  and  "skins"  (total  residue  retained  on  a  325- 
mesh  sieve  based  on  pigment) 

0.7 
2.0 

Ready  Mixed  Paint:  The  ready  mixed  paint  shall  be  prepared  from  the  paste  in  the 
manner  specified  above. 


120H.  Pure  Zinc  Oxide  Paint. 

Dry  Pigment:  The  dry  pigment  shall  consist  of  pure  oxide  of  zinc  which  shall  contain  not 
less  than  ninety-eight  (98)  per  cent  of  zinc  oxide  nor  more  than  two-tenths  (0.2)  per  cent 
of  sulphur  or  two  (2)  per  cent  of  total  impurities  including  moisture.  The  pigment  shall  be 
so  ground  that  it  will  all  pass  a  200-mesh  sieve. 

Paste:  The  paste  shall  be  the  dry  pigment  ground  in  oil  as  above  specified.  It  shall 
consist  of: 


Percentages 

Minimum 

Maximum 

Pigment 

82 
14 

86.0 

Linseed  oil 

18.0 

Coarse  particles  and  "skins"  (total  residue  left  on  a  200-mesh 

sieve,  based  on  pigment) 

Moisture  and  other  volatile  matter 

0.5 
0.5 

Ready  Mixed  Paint:  The  ready  mixed  paint  shall  be  prepared  from  the  paste  in  the 
manner  specified  above. 


1201.  Red  Lead. 

Dry  Pigment:  The  dry  pigment  shall  consist  entirely  of  the  oxides  of  lead  which  shall 
contain  from  eighty-five  (85)  to  ninety-five  (95)  per  cent  of  PB3O4,  not  more  than  one  (1) 
per  cent  of  total  impurities  and  shall  be  so  ground  that  not  more  than  three-tenths  (0.3) 
per  cent  is  retained  on  a  200-mesh  sieve. 

Paste:  The  paste  shall  be  the  pigment  ground  in  oil  as  above  specified.  It  shall  consist 
of: 
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Percentages 

Minimum 

Maximum 

Pigment 

92 
6 

94.0 

Linseed  oil 

8  0 

Moisture  and  other  volatile  matter 

Coarse  particles  and  "skins"  (total  residue  left  on  a  200-mesh 
sieve) 

0.5 
0.5 

Ready  Mixed  Paint:  The  ready  mixed  paint  shall  be  prepared  from  the  paste  in  the 
manner  specified  above. 

The  resulting  paint,  when  mixed  in  the  proportions  given  below  and  brushed  on  a 
smooth,  vertical,  iron  surface,  shall  dry  hard  and  elastic  without  running,  streaking,  or 
sagging. 

Red  lead  paste 20  lb. 

Raw  linseed  oil 4^^  pt. 

Turpentine 2  gills 

Liquid  drier 2  gills 

120J.  Leaded  Zinc  Oxide. 

Dry  Pigment:  The  dry  pigment  shall  be  a  pure  zinc  oxide  and  a  normal  or  basic  lead 
sulphate.  The  pigment  shall  be  so  ground  that  it  will  all  pass  a  200-mesh  sieve  and  the 
zinc  oxide  shall  not  contain  more  than  one  (1)  per  cent  of  soluble  salts  nor  more  than  one 
and  five-tenths  (1.5)  per  cent  of  total  impurities  including  moisture. 

This  type  of  paint  shall  be  divided  into  two  brands,  "High  Leaded"  and  "Low  Leaded." 
The  high  leaded  paint  shall  contain  not  less  than  sixty  (60)  per  cent  of  zinc  oxide  and  the 
low  leaded  paint  not  less  than  ninety-three  (93)  per  cent  of  zinc  oxide,  the  remaining  pig- 
ment in  each  case  to  be  a  normal  or  basic  lead  sulphate. 

Paste:  The  paste  shall  be  the  dry  pigment  ground  in  oil  as  above  specified.  It  shall 
consist  of: 


Percentages 


Minimum 


Maximum 


Pigment 

Linseed  oil 

Moisture  and  other  volatile  matter 

Coarse  particles  and  "skins"  (total  residue  left  on  a  200-mesh 
sieve  based  on  pigment) 


12.0 


88.0 
0.5 
0.5 


Ready  Mixed  Paint:  The  ready  mixed  paint  shall  be  prepared  from  the  paste  in  the 
manner  specified  above. 
120K.  White  Basic  Sulphide. 

Dry  Pigment:  The  pigment  shall  be  the  .sublimated  product  prepared  from  lead  sulphide 
ores.     The  pigment  shall  be  so  ground  that  it  will  all  pass  a  200-mesh  sieve,  contain  not 
37 
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more  than  five-tenths  (0.5)  per  cent  of  material  retained  on  a  325-mesh  sieve  and  have  the 
following  composition: 

Lead  oxide eleven  (11)  to  eighteen  (18)  per  cent 

Zinc  oxide not  more  than  nine  (9)  per  cent 

Total  impurities,  including  moisture not  more  than  one  (1)  per  cent 

The  remainder  shall  be  lead  sulphide. 

Paste:  The  paste  shall  be  the  pigment  ground  in  oil  as  above  .specified.     It  shall  consist 
of: 


Percentages 

Minimum 

Maximum 

Pigment 

89 
9 

91  0 

Linseed  oil 

11  0 

Moisture  and  other  volatile  matter 

0  7 

Coarse  particles  and   "skins"    (total  residue  retained  on  a 

0  5 

Ready  Mixed  Paint:  The  ready  mixed  paint  shall  be  prepared  from  the  paste  in  the 
manner  specified  above. 

120L.  Tinted  Paint  with  White  Base. 

Dry  Pigment:  The  ingredients  used  in  preparing  this  pigment  shall  comply  with  the 
requirements  given  above  for  said  ingredients.     The  pigments  shall  be  composed  of: 


White  lead    (ba.sic   carbonate,    basic   sulphate,   or  a   mixture  | 

thereof) t  45 

Zinc  oxide  (ZnO) I  30 

Silica,  magnesium  silicate,  aluminum  silicate,  barium  sulphate, 

pure  tinting  colors,  or  any  mixture  thereof 0 


In  no  case  shall  the  sum  of  the  basic  lead  carbonate,  basic  lead  sulphate,  and  zinc  oxide 
be  less  than  eighty-five  (85)  per  cent  of  the  mixture.  The  lead  and  zinc  pigments  may  be 
introduced  in  the  form  of  any  mixture  prepared  from  basic  carbonate  white  lead,  basic 
sulphate  white  lead,  zinc  oxide,  or  leaded  zinc,  provided  the  above  requirements  as  to  com- 
position are  met. 

Liquid:  The  liquid  in  semi-paste  paint  shall  be  entirely  pure,  raw  or  refined  linseed  oil; 
in  ready  mixed  paint  it  shall  contain  not  less  than  ninety  (90)  per  cent  pure  raw  linseed  oil, 
the  balance  to  be  combined  drier  and  thinner.  The  thinner  shall  be  turpentine,  volatile 
mineral  spirits,  or  a  mixture  thereof. 

Semi-paste:  The  paste  shall  be  the  pigment  ground  in  oil  as  above  specified.  It  shall 
mix  readily  in  all  proportions  without  curdling  with  lin.seed  oil,  turpentine,  or  volatile 
mineral  spirits,  or  any  combination  of  these  substances.     The  color,  hiding  power,  and 
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weight  per  gallon  when  specified,  shall  ho  not  less  than  that  of  the  aiiproved  sample.     The 
paste  shall  consist  of: 


Pigment 

Linseed  oil 

Moisture  and  other  volatile  matter 

Coarse  particles  and  "skins"   (total  residue  on  a  200-mesh 
sieve  based  on  pigment) 


Ready  Mixed  Paint:  The  ready  mixed  paint  shall  be  prepared  from  the  paste  in  the 
manner  specified  above.  The  weight  per  gallon  shall  be  not  less  than  fifteen  and  three- 
quarter  (15^^)  pounds.     The  paint  shall  consist  of: 


Percentages 

Minimum 

Maximum 

Pigment 

62 
•      34 

66  0 

Liquid  (containing  at  least  90  per  cent  linseed  oil) 

Water 

38.0 
0  5 

Coarse  particles  and    "skins"    (total  residue  retained  on  a 
200-mesh  sieve,  based  on  pigment) 

0.5 

120M.  Graphite. 

Dry  Pigment:  The  dry  pigment  shall  be  a  pure  natural  flake  graphite  and  silicate  rock 
to  which  may  be  added  a  small  percentage  of  carbon  black,  iron  oxide,  or  other  oxides 
needed  to  secure  a  desired  tint  or  color.  The  pigment  shall  be  so  ground  that  it  will  all 
pass  a  200-mesh  sieve,  and  contain  not  more  than  ten  (10)  per  cent  of  material  retained  on  a 
325-mesh  sieve.  The  prepared  pigment  must  contain  not  less  than  forty-five  (45)  per 
cent  of  natural  graphite. 

Paste:  The  paste  shall  be  the  pigment  ground  in  oil  as  above  specified.  It  shall  consist 
of: 


Percentages 


Minimum 


Maximum 


Pigment 

Linseed  oil 

Moisture  and  other  volatile  matter 

Coarse  particles  and  "skins"  (total  per  cent  on  a  32o-mesh 
sieve,  based  on  the  pigment) 


62 
34 


66.0 
38.0 
0.80 

6.0 
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Ready  Mixed  Painl:  The  ready  mixed  paint  shall  be  prepared  from  the  paste  in  the 
manner  specified  above. 

The  resulting  paint  when  mixed  in  the  proportions  given  below,  and  brushed  on  a  smooth, 
vertical  iron  surface  shall  dry  hard  and  elastic  without  running,  streaking,  or  sagging.  It 
shall  consist  of: 


Percentages 


Minimum 


Maximum 


Pigment 30 

Boiled  linseed  oil 65 

Japan  drier I  5 

Turpentine  and  volatile  matter '  3 


35 

70 

6 

6 
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PART  I.  GENERAL  NON-TECHNICAL  REPORT 

Necessity  for  Report: 

The  following  report  is  necessary  as  the  Federal  Bureau  has  refused  to  approve  the 
plans  previously  submitted  until  they  are  furnished  with  additional  data  in  regard  to  the 
possibilities  and  cost  of  7  per  cent  maximum  grades  in  place  of  the  10  per  cent  grades  used. 
This  report  provides  the  engineering  information  on  which  a  reasonable  general  decision 
can  be  made  by  the  Commissioner  and  Federal  Engineers  as  to  whether  the  old  plans  will 
be  approved  or  new  plans  prepared.  The  data  is  based  on  a  Stadia  Reconnaissance 
Survey  and  the  estimate  is  probably  correct  to  within  15  per  cent  of  final  plan  amounts, 
which  is  sufficiently  close  for  the  purpose  desired. 

Construction  Cost  and  Delay  in  Contract  Lettimj: 

The  adoption  of  7  per  cent  maximum  grades  will  increase  the  construction  cost  of  grad- 
ing and  Retaining  Walls  about  $35,000.  It  will  increase  the  cost  of  right-of-way  and 
property  damage  (County  Charge)  about  $3,000,  and  will  increase  the  cost  of  Town  Bridge 
Structures  about  $2,500.  This  increase  can  be  balanced  by  omitting  concrete  pavement 
on  the  new  locations  so  that  the  total  final  cost  of  the  project  need  not  be  increased  over  the 
old  estimate.  As  a  matter  of  fact,  there  is  a  distinct  advantage  in  omitting  the  concrete 
pavement  on  new  locations  and  deep  fills,  and  substituting  temporary  gravel  surfacing, 
as  at  such  points  it  is  impossible  to  successfully  construct  a  rigid  pavement  in  less  than  2  to 
4  years  after  the  grading  is  completed.  It  is  evident  that  the  decision  in  regard  to  the  use 
of  7  per  cent  maximum  grades  need  not  give  much  consideration  to  the  factor  of  con- 
struction cost. 
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The  adoption  of  7  per  cent  maximum  grades  will  make  it  necessary  to  get  out  entirely 
new  plans  for  6  miles  of  very  difficult  location.  These  plans  can  not  possibly  be  completed 
before  March  15  or  April  1,  and  this  delay  is  naturally  annoying  to  the  local  people 
and  possibly  to  the  Commissioner.  The  local  backers  of  the  project  believe  that  the  plans 
can  be  easily  and  quickly  gotten  out  to  conform  with  the  Federal  Aid  request,  and  they 
seem  to  think  that  we  are  stalling  in  this  matter.  This  is  quite  natural  as  there  has  been 
considerable  long  rolling  in  connection  with  this  road. 
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Fig.  2U6. — Cieneral  map  of  relocations  I'equestcd  by  U.  8.  Bureau  of  Roads. 


An  examination  of  the  photographs  at  the  end  of  the  report  shows  the  general  character 
of  the  country,  and  any  engineer  will  immediately  realize  that  an  economic  location  requires 
radically  different  survey  and  office  design  methods  than  usually  employed  for  the  ordinary 
highway  in  flat  open  country.  It  has  been  necessary  to  make  a  careful  Stadia  Contour 
Survey  between  the  upper  and  lower  limits  of  all  possible  locations  in  the  really  difficult 
topography,  and  then  to  make  a  series  of  trial  projections  to  arrive  at  a  fairly  good  and 
fairly  economical  location.  These  methods  will  result  in  large  savings  in  construction 
cost  which  may  easily  total  $20,000  to  $40,000,  and  I  trust  that  the  Commissioner  will  not 
be  too  much  influenced  by  a  desire  for  speed  in  the  preparation  of  the  plans. 
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The  necessary  surveys  will  he  completed  by  Jan.  1.  The  office  force  is  well  organized 
and  this  is  a  job  where  the  advantage  of  careful  engineering  will  be  very  evident  in  the 
matter  of  construction  cost.  The  following  engineering  arguments  and  data  give  no  weight 
to  the  matter  of  a  3  months,  delas^  in  the  preparation  of  new  plans. 

Summarized  Engineering  Report: 

The  attached  tabulation  showing  a  summarized  comparison  of  the  10  per  cent  and  7 
per  cent  locations,  will  probably  furnish  all  the  information  you  will  need  at  this  time. 
This  tabulation  indicates  in  a  general  way  that  the  adoption  of  10  per  cent  or  7  per  cent  is 
largely  a  matter  of  personal  judgment,  as  each  line  has  certain  advantages  and  disadvan- 
tages. The  7  per  cent  increases  the  grading  cost  but  undoubtedly  reduces  the  cost  of 
motor  operation,  the  exact  amount  of  which  is  not  known.  The  safety  of  the  two  lines  are 
about  equal.  The  service  furnished  to  abutting  properties  and  summer  resort  cottages  is 
about  equal  with  a  slight  advantage  in  favor  of  the  original  10  per  cent  plans.  It  is  cer- 
tainly undesirable  to  increase  the  construction  cost  on  this  road  and  it  is  equally  undesirable 
to  lose  the  Federal  cooperation  or  cause  indefinite  delay  by  combatting  their  request  for  a 
7  per  cent  which  undoubtedly  has  considerable  merit.  If  the  Federal  Bureau  stand  pat 
on  a  7  per  cent  maximum,  it  seems  good  sense  to  meet  them  in  this  matter  and  change 
type  of  pavement  on  the  new  locations  and  deep  fills  to  a  temporary  gravel  surfacing. 
This  expedient  will  prevent  an  increase  in  the  total  construction  cost  of  this  project,  and  is 
good  engineering  procedure. 

Summarized  Comparison  of  Locations 


Section  of  road 

Estimate  cost  of 
construction  items 
affected  by  reloca- 
tions 

Right-of-way 
costs 

Estimate  town 
bridges 

1  Estimate  capital- 
ized traffic  oper- 
ative cost 

10  per 
cent 
grade 

7  per 
cent 
grade 

10  per 
cent 

7  per 
cent 

10  per      7   per 
cent         cent 

10  per 
cent 

7  per 
cent 

Hawkins  Hill  Sta.  0-61 

Long's  Gully  Section  81-150. 
2  Standish  Hill  Section  (Gully 

Line)  Sta.   150-237 

'  Bird  Hill  Section  462-485.  . 
McJannett's     Hill     Section 

485-519 

•S  35,000 
74,000 

31,000 
5,000 

19,000 

$  49,000 
69,000 

40,000 
18,000 

23.000 

$7,000 
1,300 

300 
200 

None 

$  8,000 
1,900 

600 
500 

700 

$  2,000 
9,000 

4 ,  500 
500 

None 

$  3,300 
8,000 

6,000 
1,100 

None 

$336,000 
310,000 

107,000 
80,000 

117,000 

$318,000 
282,000 

103,000 
70,000 

107,000 

Totals 

$164,000  SSI 99  000 

$8,800 

$11,700 

$16,000 

$18,400 

$950,000 

$880,000 

'  Based  on  Traffic  Cost  Curve,  page  596. 

^  The  amounts  tabulated  for  this  section  of  the  road  are  for  the  location  we  believe  to  be  best  for 
traffic,  although  it  is  not  the  cheapest  in  construction  cost.  There  are  two  other  possible  lines  which 
will  be  studied  in  detail  if  the  Department  decides  to  use  the  7  per  cent  maximum  rate  of  grade  on  this 
project.  From  the  standpoint  of  cheapest  construction  cost,  the  road  should  go  through  Bristol  Springs, 
which  saves  about  $7,000  construction  cost  over  the  recommended  line. 

'  A  cheaper  7  per  cent  location  with  poorer  alignment  can  be  worked  out  on  the  upper  side. 


PART  II.  DETAIL  ENGINEERING  REPORT 

General  Conditions  and  Recommendations: 

The  plans  previously  submitted  were  prepared  with  the  general  idea  of  utilizing  the 
existing  road  as  much  as  possible  and  the  location  is  based  on  10  per  cent  maximum  grades 
with  excellent  alignment.  Ten  per  cent  is  not  generally  advocated  but  this  road  has  a  large 
percentage  of  scenic  travel  and  for  this  class  of  traffic  10  per  cent  is  perhaps  allowable 
although  personally  I  do  not  consider  it  advisable.  Under  these  general  specifications  the 
old  plans  are  an  excellent  piece  of  work  and  should  serve  this  territory  with  moderate 
satisfaction.     The  local  people  use  horse  haulage  for  a  considerable  portion  of  the  year  and 
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state  that  if  10  per  cent  grades  are  retained  they  would  like  some  provision  made  for  gravel 
on  the  steep  grades  in  place  of  concrete  on  account  of  team  footing. 

Tlie  Federal  Bureau  does  not  ol)ject  to  the  details  of  the  original  location  using  the 
10  per  cent  maximum  but  they  do  object  to  the  general  proposition  of  maximum  grades  of 
over  7  per  cent.  In  order  to  get  the  7  per  cent  maximum  without  too  much  increase  in  cost, 
I  understand  they  are  wiUing  to  approve  a  more  crooked  alignment  than  originally  used 
provided  extremely  dangerous  curves  are  not  designed.  The  conflict  between  our  original 
plans  and  the  Federal  Bureau  request  in  regard  to  maximum  grade  is  a  matter  of  general 
policy  and  not  of  detail.  It  is  the  old  conflict  of  differing  judgment  as  to  whether  it  is 
better  to  use  a  steep  grade  and  straight  alignment  or  a  lighter  grade  and  poorer  alignment. 

We  agree  that  the  general  policy  advocated  by  the  Federal  Bureau  is  usually  sound, 
particularly  on  heavy  travel  roads,  as  it  is  easier  in  the  future  to  eliminate  alignment  flaws 
by  short  additional  improvements  than  it  is  to  eliminate  long  steep  dangerous  grades 
requiring  entirely  new  and  lengthy  relocations.  There  has  undoubtedly  been  too  much 
tendency  in  the  last  few  years  to  save  grading  cost  in  order  to  put  the  money  into  higher 
class  pavements.  This  general  policy,  however,  cannot  be  arbitrarily  applied  to  all  cases 
and  for  this  particular  road  there  is  some  doubt  as  to  the  advisability  of  exactly  complying 
with  all  the  suggested  relocations  advocated  by  the  Federal  Engineers.  That  is,  uniform 
maximum  grades  are  not  sound  policy  and  each  location  is  susceptible  to  special  analysis. 

This  road  is  a  Class  II  or  Class  III  road  from  the  standpoint  of  traffic  volume;  that  is  it 
will  not  probably  carry  more  than  250  to  400  vehicles  daily  average.  For  roads  of  this 
class,  it  is  difficult  to  justify  average  expenditures  of  more  than  $18,000  to  $30,000  per 
mile  although  it  has  been  customary  for  the  past  few  years  to  spend  from  $25,000  to  $35,000 
per  mile  in  ordinary  topography.  Due  to  unusually  difficult  topographic  conditions,  the 
original  plans  submitted  were  estimated  to  require  a  construction  cost  of  approximately 
$54,000  per  mile.  If  this  road  is  considered  as  a  separate  project,  it  would  be  impossible 
to  justify  this  expenditure  from  an  economic  standpoint  but  considering  the  facts 
that  this  project  completes  the  state  system  along  the  west  side  of  Canandaigua  Lake 
which  is  a  popular  summer  resort  section  and  provides  a  good  hauling  outlet  for  a  large 
section  of  farming  and  vineyard  territory  which  is  isolated  from  railroad  facilities,  it  seems 
justifiable  to  expend  any  necessary  amount  to  build  a  reasonably  good  state  highway  which 
will  provide  a  means  of  safe  travel  the  year  round  provided  the  cost  is  not  made  needlessly 
high.  The  necessary  large  increase  in  cost  of  this  project  over  and  above  what  can  be 
economically  justified  and  which  must  be  charged  to  intangible  benefit  makes  it  desirable 
to  use  caution  in  approving  additional  refinements  over  and  above  essential  requirements 
for  fairly  safe  year  round  travel.  Both  of  the  Federal  Bureau  suggestions  in  regard  to  the 
use  of  7  per  cent  maximum  and  the  uniform  use  of  16-ft.  concrete  pavement  in  place  of  a 
varying  pavement  design  increase  the  cost.  Their  request  for  the  7  per  cent  maximum  is 
reasonable  in  the  main  with  minor  exceptions  later  discussed  and  I  am  in  favor  of  complying 
with  their  request  in  this  count  although  personally  I  do  not  favor  the  Bird  Hill  Relocations 
and  believe  there  is  considerable  doubt  as  to  the  value  of  the  Standish  Hill  Relocation. 
Their  request  for  concrete  pavement  16  ft.  wide  for  the  entire  length  is  not  sound  in  my 
opinion  due  to  the  factor  of  needless  increase  in  construction  cost  and  the  danger  of  settle- 
ment on  high  fills  and  new  locations. 

Detail  Comparison  of  Locations: 

For  the  purpose  of  discussing  the  details  of  the  proposed  locations,  the  road  is  divided 
into  five  sections.  Hawkins  Hill  Section  Sta.  0-81  of  the  Old  Plans.  Long's  Gully  Section 
Sta.  81-150  of  the  Old  Plans.  Standish  Hill  Section  Sta.  150-237.  Bird  Hill  Section 
Sta.  462-485  and  McJannett's  Hill  Section  Sta.  485-519.  Profiles  and  sketch  plans 
accompany  this  report. 

Hawkins  Hill  Section: 

The  Federal  Engineers  suggested  a  7  per  cent  location  on  the  lower  side  of  the  old 
10  per  cent  location  (east  side)  Sta.  33-85.  A  careful  study  and  the  collection  of  con- 
siderable data  not  available  at  the  time  the  Federal  inspection  was  made  proved  quite 
conclusively  that  the  best  location  for  the  7  per  cent  location  in  this  section  lay  on  the 
upper  or  west  side  from  Sta.  25-63.  The  tabulation  of  the  data  comparing  this  location 
with  the  original  10  per  cent  grade  is  given  on  page  588.  The  7  per  cent  location  is  probably 
justified  on  this  section. 
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Fig.  2074.^ — General  character  of  location,  Sta.  40  to  50. 


Fig.  2075. — General  character  of  location,  Sta.  GO  to  GO. 
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Fig.  207C'. — General  character  of  location,  Sta.  50  to  60. 


Fig.  207D. — General  character  of  location,  Sta.  120  to  140. 
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Fig.  207 E. — Stadia  survey  party  organization. 
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Fig.  207F. — General  character  of  location,  Bird  Hill  Section. 
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Long's  Gully  Section: 

The  Federal  suggestion  in  regard  to  the  7  per  cent  location  from  81  to  150  called  for 
shifting  west  on  the  same  hillside  used  by  the  10  per  cent  from  81  to  110  and  recommended 
following  up  Long's  Gully  to  Bristol  Springs  crossing  the  Gully  at  our  old  location. 

Our  final  study  indicates  that  the  shift  west  Sta.  81  to  95  is  desirable  but  that  from  this 
point  the  best  solution  calls  for  a  radical  change  of  line  crossing  the  Gully  about  2,000  ft. 
above  the  old  location.  The  comparative  engineering  data  is  tabulated  on  page  589.  The 
Long's  Gully  Section  can  undoubtedly  use  a  7  per  cent  maximum  to  advantage. 

Standish  Hill  Section: 

This  section  involves  a  more  complicated  analysis.  The  original  plans  shorten  the 
existing  unimproved  road  by  about  a  half  mile  by  means  of  a  cut  off  east  of  Bristol  Springs. 
This  cut  off  does  not  in  any  way  affect  the  length  of  travel  between  Naples  and  Rochester 
and  shortens  the  travel  between  Naples  and  Canandaigua  about  a  half  mile. 

The  Federal  suggestion  involved  passing  through  Bristol  Springs  with  the  longer  length 
of  travel.  The  attached  tabulations  of  the  alternate  routes  "A"',  "B",  "C"  and  "D", 
pages  589  and  590,  show  that  from  the  standpoint  of  first  cost  the  line  through  Bristol  Springs 
("B  Line")  is  the  cheapest  but  that  if  the  items  of  construction  cost  are  balanced  against 
the  increased  cost  of  motor  operation,  the  cut  off  line  "C"  is  probably  the  best  investment 
for  the  community.  There  is,  however,  considerable  doubt  whether  any  7  per  cent  location 
on  this  section  has  sufficient  advantage  over  the  10  per  cent  to  warrant  the  change.  If  the 
Federal  Bureaus  are  more  or  less  committed  by  general  policy  to  a  7  per  cent  maximum,  it  is 
not  worth  chewing  the  rag  over  provided  they  act  reasonably  in  regard  to  pavement  cost 
decrease. 

Bird  Hill  Section: 

No  specific  recommendations  in  regard  to  location  were  made  by  the  Federal  Engineers. 
The  best  location  seems  to  lie  in  the  Gully  but  this  is  an  expensive  piece  of  line  and  the 
advantage  of  the  7  per  cent  over  the  9  per  cent  actually  used  seems  to  be  slight.  I  cannot 
recommend  this  location  except  on  the  score  of  meeting  an  arbitrary  demand  by  the  Office 
of  Public  Roads.  A  somewhat  cheaper  location  with  poorer  alignment  can  be  developed 
on  the  upper  side.     The  tabulation  of  data  on  this  section  is  found  on  page  590. 

McJannett's  Hill  Section: 

The  relocation  worked  out  is  so  obviously  better  than  the  old  plans  that  no  discussion 
is  necessary.     Data  is  tabulated  on  page  591. 

COMPARTSON    OF    LOCATIONS 

Hawkins  Hill  Section  Sta.  0-81. 

Plans  New 

Previously  Proposed 

Submitted  Plans 

Length  of  travel '     8,080  8,050 

Length  of  new  road 8,080  8,050 

Maximum  grade,  per  cent 10  7 

Minimum  sight  distance,  feet 310  260 

Minimum  radius  curvature,  feet 716  382 

Estimated  capitalized  operation  per  400  tons  daily  average.    .        $336,000         .$320,000 
Estimated  cost  grading,  retaining  wall,  guard  rail  and  clearing.  .$34,300  $48,300 

Amount  of  excavation,  cubic  yards 34,800  48,000 

Amount  of  wall,  cubic  yards None  20 

Amount  of  guard  rail,  posts 1 ,000  900 

Clearing  and  grubbing..  1.5  acres  @  $300  = $450     2.5  acres  @  $300  = $750 

Right  of  way Cottage  sites 1.0  acres     Cottage  sites 1.0  acres 

Gully  land 1.0  acres     Gully  land 3.5  acres 

Farm  land 1.0  acres     Farm  land 1.0  acres 

Vineyard 0.8  acres     Vineyard  land 0.8  acres 

Moving  buildings.  . .    12  Moving  buildings.  ..  .    13 

Town  bridges.  .  .  •. Sta.  40     6  X  6  X  30  =  $700  6  X  6  X  110  =  $2,000 

Sta.  63     6  X  6  X  45  =  $1,300  6  X  6  X  45     =  $1,300 
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Remarks:  The  new  location  is  probably  justified.  It  increases  the  grading  cost  about 
$14,000.  The  right  of  way  cost  about  $1,000.  The  town  bridge  cost  about  $1,300.  It 
reduces  the  cost  of  motor  operation  probably  enough  to  warrant  the  increased  construction 
cost.  Safety  of  travel  is  about  the  same  and  is  good  enough  for  reasonably  careful  drivers. 
It  reduces  length  of  road  about  30  ft.  The  increased  construction  cost  can  be  eliminated 
by  the  use  of  gravel  surfacing  in  place  of  concrete  on  the  deep  fills  and  new  side  hill  location 


Comparison  of  Locations 


Long's  Gully  Section  "A"  Line  Sta.  81 — 154  "A,"  Sta.  81 — 150  Old  Plans: 


Length  of  new  road,  feet 

Maximum  grade,  per  cent 

Minimum  sight  distance,  feet. . . 
Minimum  radius  curvature  feet. 


Old  Plans 

New  Plans 

6,900 

7,300 

10 

7 

300 

250 

520     370  ft.  on  7  %  grade 
175  ft.  on  3  %  grade 


Estimated  capitalized  cost  motor  operation  per  400  tons 

daily  average 

Estimated  cost  grading,  retaining  wall  and  clearing. .  .  . 

Estimated  cost  of  concrete  pavement 

Amount  of  excavation,  cubic  yards 

Amount  of  wall,  cubic  yards 

Clearing  and  grubbing,  acres 

Right  of  way Gully 5.0  acres 

Farm 7.0  acres 


Town  bridges Sta.  116  +  61. 


$310,000 

$40 , 000 

$34,000 

44,400 

None 

3.2 


$285,000 

$33,000 

$36 , 000 

31,000 

400 

4.7 


Gully 8.0  acres 

Farm 2.3  acres 

Vineyard 1.8  acres 

Orchard 0.2  acres 

Moving  buildings.  .  .  1 


"D"Um 


'6f-a?37 
Old  PI  a  n6 


'■■61a -SS 
O/dPJans 

Fig.  208. — Sketch  showing  relation  of  alternate  locations,  Sta.  85  to  237 
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WooDviLLE  Relocation  Comparison  of  Locations  Sta.  81-237  Quantities 

Cost  (see  Fig.  208) 


Old  plans 
"D"  line 


New  plans- 
gully    "C 
line' 


New  plans 
"A"  line 


New  plans— 
via   springs 
"B"    line2 


Length  of  travel 

Length  of  new  road,  feet 

Maximum  grade,  per  cent 

Minimum  sight  listance,  feet. 
Minimum  radius  of  curvature, . 


Estimate  capitalized  cost  of  motor  oper- 
ation  

Estimate  cost  of  grading,  retaining  wall, 
guard  rail,  clearing  and  pavement.  . 

Estimate  cost  of  right  of  way 

Estimate  cost  of  town  bridge 


9,770 

10 

300 

.382  ft.  on  10  % 


$417,000 

$106,000 
$  1 , 600 
$   13,500 


10,500 

7 

250 

175  ft.  on  3   % 

370  ft.  on  7   % 

$385,000 

$111,000 
$  2 , 500 
$  14,000 


12,670 

7 

250 

175  ft.  on  3    % 

370  ft.  on  7   % 

$451,000 

$104,000 
$  5,000 
$     9 , 500 


12,040 

7 

250 

200  ft.  on  2    % 

370  ft.  on  7   % 

$416,000 

$102,000 
$  5,000 
$   10,500 


'  Note:  "C"  Line  location  recommended  as  added  benefit  to  traffic  is  far  in  excess  of  immediate  loss 
due  to  added  construction  cost. 

2  Note:  "B"  Line  location  recommended  if  cheapness  in  construction  cost  is  prime  requisite. 

QU.\NTITIES 

Excavation,  cubic  yards 63,400         57,000         37,250         39,400 

Wall,  cubic  yards 400  400  400 

Guard  rail,  posts 1 ,000  600  350  350 

Clearing  and  grubbing,  acres 3.2  4.7  4.7  4.6 

Pavement,  square  yards 17,400         18,8.50         22, ,500         21,400 

Right  of  way. 

Gully,  5  acres — $250  Gully,  8  acres  Gully,  8  acres  Gully,  9  acres 

Farm,  9  acres — $1,600  Farm,  6.3  acres  Farm,  5  acres  Farm,  3.5  acres 

Vineyard,  1.8  acres       Vineyard,  2.5  acres       Vineyard,  2.25  acres 
Orchard,  0.2  acres         Orchard,  1.37  acres       Orchard,  2  acres 
Moving  building,  1        Moving  building,  1         Moving  building,  1 

Town  bridges 116+61,         9' by    9'  by  200',  $9,000  134+50,         9' by    9' by  180',  $8,000 

154+25+,  10' by  10' by    90',  $4,. 500  175+,  10' by  10' by    30',  $1,500 

134 +.50,         9' by    9' by  ISO',  $8,000  134+50,         9' by    9' by  195',  $9,000 

145+25+,  10'  by  10'  by  120',  $6,000  175+ ,  10'  X  10'  X  30',  $1.  500 


Comparison  of  Locations 


Bird  Hill  Sta.  462—485  +  55: 


Length  of  travel,  feet 

Length  of  new  road,  feet 

Maximum  grade,  per  cent 

Minimum  sight  distance,  feet 

Minimum  radius  curvature,  feet 

Estimated  capitalized  cost  motor  operations  per  300  tons  daily 

average  

Estimated  cost  grading,  retaining  wall  and  clearing 

Amount  of  excavation,  cubic  yards 

Amount  of  wall,  cubic  yards 

Clearing  and  grubbing,  acres 

Right  of  way 0.1  acres  poor  land         0 

1 . 1  acres  farm  3 

Town  bridges, 9  ft.  span  15  ft.  long  6  ft. 


Pl.\n.s 

New 

Previously 

Plans 

Submitted 

Proposed 

2,355 

2,375 

2,355 

2,375 

9.0 

7.0 

330 

250 

716 

570 

.«79 ,  000 

$71,000 

$5,100 

$18,000 

5,600 

7,900 

None 

1,000 

0.1 

3 

4  acres  apple  orchard 
acres  poor  gully  land 
X  0  ft.  C.B.  55  ft.  long 
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Remarks:  There  seems  to  be  considerable  doubt  as  to  the  advisability  of  the  new 
location.  The  construction  cost  is  raised  about  $13,000.  The  right-of-way  cost  is  raised 
about  $300.  The  town  bridge  cost  is  raised  about  $600.  The  theoretical  traffic  operation 
saving  does  not  probably  warrant  an  increase  in  construction  cost  of  this  road  of  over 
$6,000  to  $8,000.  For  a  heavier  traffic  road  carrying  1,000  to  1,500  tons  daily,  the  relocation 
could  be  easily  justified  on  this  score.  Under  the  circumstances,  however,  that  the  U.  S. 
Bureau  of  Roads  are  more  or  less  inclined  to  demand  the  7  per  cent  maximum,  it  seems 
good  sense  to  comply  with  their  request  and  get  the  required  cooperation,  provided  they 
approve  a  reduction  in  paving  cost  to  balance  an  increased  grading  cost. 

(McJanett's  Hill  Section,  Sta.  485+55-522+55) 


Length  of  travel 

Length  of  new  road 

Maximum  grade,  per  cent 

Minimum  sight  distance,  feet 

Minimum  radius  curvature,  feet 

Estimated  capitalized  cost  of  motor  operation 

for  300  tons  daily  average 

Estimate  cost  concrete  pavement  @  $2.80  per 

square  yard 

Estimate  cost  grading,  wall  and  clearing 

Amount  of  excavation,  cubic  yard 

Amount  of  wall 

Clearing  and  grubbing 

Right-of-way 

Right-of-way 

Town  bridges 


Plans 

Previously 

New  Pla.n's 

Submitted 

Proposed 

3.700 

3,850 

3,400 

3,850 

9.0 

5.0 

330 

600 

955 

716 

;117,000 

$107,000 

$17,000 

$19,000 

$1,800 

$3,600 

2,000 

4,000 

None 

None 

None 

None 

None 

None 

None 

5  acres  ordinary  farm  land 

None.  .  . 

None 

Remarks:  Considering  future  service,  the  new  location  is  apparently  justified  although 
it  increases  the  construction  cost  by  about  $4,000  and  the  right  of  way  cost  about  $700. 
The  theoretical  saving  in  travel  co.st  apparently  warrants  an  increase  in  construction  cost  of 
from  $7,000  to  $10,000. 

Survey  and  Office  Methods   Used: 

Limits  of  possible  locations  traced  by  means  of  Abney  Hand  Level  and  Brunton  Pocket 
Transit  working  both  from  summits  down  and  low  control  up. 

Reconnaissance  report  based  on  Transit  Stadia  line  and  profile  with  cross  slopes  taken 
at  short  intervals.  Excavation  figured  on  basis  of  cross  slopes  (see  table,  page  593)  with 
allowance  for  profile  irregularities  for  sections  of  the  road  where  the  grade  contour  can  be 
followed  closely.  For  large  cuts  and  fills  excavation  and  embankment  estimated  on  basis 
of  center  line  cut  or  fill. 

Final  location  and  estimate  based  on  very  careful  stadia  contour  survey.  Checking 
with  old  survey  for  distance,  angle  and  elevation  at  short  intervals. 

Instrument  rated  for  distance  and  constant  F.  and  C.  Both  corrections  considered  in 
computing  all  shots.  Special  reduction  diagram  prepared.  Survey  plotted  30  ft.  to  1  in. 
on  system  of  coordinate  control.  Projected  locations  figured  on  basis  of  coordinate 
corresponding  with  survey  coordinates.  Apparent  maximum  error  in  horizontal  location 
of  projected  lines  not  exceeding  0.5  ft.  Apparent  error  in  stadia  levels  from  cross-checks  on 
old  .survey  not  to  exceed  0.2  ft.  with  tendency  to  equalize.  Probable  average  error  not 
over  0.1  ft.  Cross-sections  projected  and  plotted  on  usual  scale  1  in.  =  5  ft.  Quantities 
figured  in  usual  manner. 

General  Specifications  Engineering  Location  and  Design: 

The  general  alignment  specifications  used  in  locating  the  proposed  7  per  cent  maximum 
to  comply  with  the  Federal  request  are  as  follows: 
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Minimum  sight  distance,  feet 250 

Minimum  radius  of  curvature  on  outside  curves  on  grades  over  3  per 

cent,  feet 370 

Minimum  radius  of  curvature  on  inside  curves  on  grades  of  3  per  cent  or 

less,  feet 175 

Maximum  grades  compensated  on  all  sharp  curves  enough  to  permit  future  straightening 
with  a  future  maximum  of  7  per  cent. 


8-0 ->(<- 

Theoretical  Orade  ^       j 


Typical  Half  Section 
(For  ordinary  lopographic  condifion) 


'  \\  N'>f-/'+:/-f /V--: 8-o'^ ^,S 

^"  ■         .  !,   \\:'^\  Parubo/ic Croivn.    ^-Theorehcal Grade    \^ 
Pavement 


No  Rock  fvprqjecf  above  fh/'s  /I'ne 
Paymerjf-  for  Excavation  nofallowed belong fhis //he 
Half  of  Typical  Contraced  Section 
(For  deep  cu+s  and  s+ecp  side  hill  slopes) 

Fig.  209. — Typical  proposed  sections. 


These  specifications,  which  will  produce  a  good  usable  highway  in  rough  hill  country, 
affect  cost  of  construction,  right  of  way,  bridges  and  travel  service  as  shown  in  the  pre- 
ceding table  accompanying  the  general  report  to  the  Commissioner  (see  page  583). 


,^   Prpe  f?ail--. 
22'-o ■>! 

>Y -l2'-0--\- 

\  Pave rn(;nf 


Gravel 


WATERSHED 
Area -'/psq  mile 
Possible  Punoff-SOOsec.  /"/^ 
Grade  of  Channel  3.57o^ 

Probable  Maximum  ^ 
HighivafenFlow-Lirrei^ 


Fig.  210.~Special  section  (Bird  Hill  Section). 


Typical  cross-sections  shown  by  Figs.  209  and  210.  Fill  .slopes  1^2  to  1;  cut  slopes 
in  shale  cuts  2  on  1  based  on  our  previous  experience  with  this  formation  verified  by 
B.  R.  and  P.  practice.  Cut  slopes  for  shallow  cuts  in  gravel  and  loam  1  to  1 ;  cut  slopes 
in  gravel  deep  cut  1  on  ij-^.  Balance  ratios  cut  to  fill.  Shale  formations  1  to  1.  Loam 
and  gravel  1.10  to  1.40  depending  on  volume  of  fills  and  amount  of  sod  or  duff. 
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T.\BLE  OF  Cut  Areas  in  Square  Feet  for  Balanced  Side  Hill  Sections 
Cut  slopes  1  on  IjJ^.t-     Fill  slopes  1  on  l}-^ 


Cross  slope  in  degrees 


Area  of  cut  in  square  feet 


Normal  section 


Contracted  section 


2 
3 

4 
5 
6 
7 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


18 

20 

23 

26 

30 

33 

36 

39 

43 

47 

52 

58 

65 

72 

80 

90 

101 

115 

135 

162 

204 


Add  from  20  per  cent  to  50  per  cent  for  profile  irregularities. 
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Table  of  Cut  and  Fill  Areas  Square  Feet 

Based  on  level  lino  for  different  center  line  depths  of  cut  and  fill 
Cut  slopes:  1  on  ij^.     Fill  slopes:  1  on  iM 


1 

Cut  areas  in  square 

feet 

Tn  feet  depth  on  center 

Fill  areas — square 

line 

feet,  normal  section 

Normal 

section 

Contra 

cted  section 

0                                           2 

5 

0 

1                                           I 

8 

10 

2                                       £ 

5 

35 

3                                     IS 

9 

65 

4           •                            Vt 

7 

100 

5                                      22 

0 

137 

6                                      2i 

9 

175 

7                                      3] 

6 

215 

8                                    3( 

)8 

260 

9                                      42 

.3 

308 

10                                      47 

'8 

385                                   360 

11 

436                                   413 

12 

490                                  471 

13 

545                                  532 

14 

603                                  595 

15 

662                                  660 

16 

725                                  730 

17 

790                                  800 

18 

859                                  877 

19 

928                                   955 

20 

1,002                               1,035 

21 

1,077                                1,120 

22 

1,155                               1,206 

23 

1,235                               1,295 

24 

1,318                               1,386 

25 

1,402                               1,485 

26 

1.580 

28 

1,790 

30 

2,015 

32 

2,240 

34 

2,480 

36 

2 , 730 

38 

3,000 

40 

3,280 

42 

3,580 

44 

3,880 

46 

4,190 

48 

4,520 

60 

4,850 
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Basis  of  Cost  Estimates: 

The  following  unit  prices  are  u.sed  in  deriving  cost  estimates.  These  prices  correspond 
with  the  prices  used  on  the  last  official  estimate  dated  Sept.,  1922. 

Clearing  and  grubbing .'S200  to  $500  per  acre 

Unclassified  excavation 0 .  90  per  cubic  yard 

Concrete  wall  (including  cement) 12.00  per  cubic  yard 

6-in.  Concrete  pavement  (including  cement  .ind  steel) 2.80  per  square  yard 

9-in.  Bituminous  macadam 2.10  per  square  yard 

9-in.  Gravel  surfacing 0 .  75  per  square  yard 

Right-of-way  Allowances: 

Poor  gully  land  (timbered) $       50  per  acre 

Ordinary  farm  fields 150  per  acre 

Vineyards 500  per  acre 

Orchards 700  per  acre 

Moving  houses 1 ,000  each 

Town  Bridges:^ 

6  ft.  by  6  ft $20  per  foot  of  length 

7  ft.  by  7  ft 25  per  foot  of  length 

8  ft.  by  8  ft .32  per  foot  of  length 

9  ft.  by  9  ft 40  per  foot  of  length 

10  ft.  by  10  ft 50  per  foot  of  length 

'Costs  are  for  structures  exclusive  of  excavation,  an  additional  allowance  made  for  excavation. 
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Rafe.  of  Grade^  per  cenf 
2  2.  4  5  &  7 


0I25456T89 

Rafe  of  Grade,  per  cen+ 
Fig.  211. — Basis  of  traffic  cost  estimates  (see  Fig.  5,  page  16). 
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HEAVY  TRUCK  WEIGHTS  OBSERVED  ON  MASSACHUSETTS  ROADS  ^ 

Both  loadometers  and  platform  scales  have  been  used  by  the  division  of  highways 
Massachusetts  Department  of  Public  Works,  to  check  the  weights  of  motor  trucks.  The 
following  comment  on  the  results  is  from  a  discussion  by  A.  P.  Porter,  inspector,  before  the 
Boston  Society  of  Civil  Engineers: 

During  1920,  90  trucks  were  weighed  by  the  loadometers,  and  in  1921,  100  trucks  by  the 
loadometer  and  400  by  platform  scales.  The  first  two  jacks  used  were  calibrated  to  20,000 
lb.  each,  but  the  second  pair,  supposed  to  be  an  improved  model,  have  a  capacity  of  only 
15,000  lb.  each.  The  first  truck  I  met  after  I  began  using  these  improved  jacks  was  too 
heavy  to  be  weighed  'uath  them  and  I  had  to  resort  to  a  neighboring  20-ton  platform  scale. 
The  rear  axle  of  this  truck  weighed  33,200  lb.,  the  heaviest  I  ever  weighed. 

The  largest  gross  weight  of  a  four-wheeled  truck  and  load  which  we  actually  weighed 
was  38,300  lb.,  and  the  largest  load  on  six  wheels  was  40,000  lb.  The  accompanjnng  table 
shows  the  maximum  loads  encountered.  Undoubtedly  there  were  some  larger  than  these 
which  did  not  happen  to  come  our  way. 

Maximum  Truck  Weights  in  Mass.a.chusetts,  1920,  1921 


=35 


a  03 
J3  o 


^ 

K    C 

0    0 

c 

0    , 

■ft 

•:2J3 

2  M 

"3 

°o 

JZ     . 

^^ 

P  ^ 

0  a> 
0^ 

^=3 

7K 
73-2 


Leather . . 
Cr.  stone. 
Beef 


Platform 

Dump 

Platform 


Wool Platform 


5*  Boiler. .  . 

...  Road  oil . 


Platform 
Tank 


,  +       60-ft.  I-beams.. .  .    Special 


5H 
6 

7K 

lot 

5t 
5 

Special 


Stake 
Dump 


Sugar 

Sugar 

Gravel 

Grapes 

Jars  in  ice Enclosed 


Boiler Platform 

Asphalt  shingles..  Platform 

Groceries Platform 

Sugar Platform 


22 

16 

24 

14 

5 

18 

11 

23 

14 

3 

17 

10.5 

25 

15 

3.4 

221 

11.51 

451 

14 

13^ 
14.23 

23 

14 

37M1 

15.5 

3 

l^H 

63^ 

23 

14 

3.3 

29 

16M 

99 

11 

I  2* 

mi 

12K 

13 

2.1 

19.1 

13 

4 

18K 

12 

13.2 

3 

18% 

123^ 

3% 

20 

12 

12.2 

3 

20 

10 

153-^ 

3 

18M 

12H 

15.6 

4M 

18M 

123^ 

15.7 

^H 

18M 

13 

12.2 

3% 

20 

30 

12 

6 

17 
15 

13.7 
10.52 

4.33 
102 
10^ 
13.2 

44 

6^ 
153 
16.6 
15.1 
153-^ 
15 


93 
14 
14 

14 


•For  truck  only  in  truck-trailer  combination;!  two  tractors  and  semi-trailer,  J  tractor  and  semi- 
trailer;^ include?  truck  and  trailer;2  truck;'  trailer;*  tractor.  The  "Special"  truck  is  the  Massachusetts 
standard  for  design  of  highway  bridges. 

1  From  Eng.  News-Record,  April  20,  1922  . 
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The  proportion  of  the  weight  which  comes  on  the  rear  axle  of  a  truck  varies  from  70  to 
87  per  cent.  It  is  not  constant  for  a  certain  truck.  As  more  load  is  added,  the  percentage 
on  the  rear  increases.  It  varies  also  with  different  makes  of  truck,  different  classes  of 
commodities,  length  of  wheel  base,  length  of  body,  overhang,  and  how  the  load  is  placed. 
Loads  of  wool  or  cotton  are  sometimes  piled  forward  over  the  cab.  The  average  per  cent 
on  the  rear,  for  all  makes,  is  about  78. 


10     Id     30    40 


Tons    per  Hour 
50     60     70     80     90     100     110    120    130    140    IBO    160    170 


— 

'    !    1    ! 

'Boston- Cyan  Traffic  Road 

H 

^ 

'f^f=^ 

r^ 

r>           "     Turnpike 
Boston  -  Pro/ic/ence 

» 

■■■' 

' — ' — I 

— 

Boston-  Waburn 

^^ 

1 

1       1 

1 

^^ 

1 

1       1 

1 

^" 

'      1 



1 

1 

^ 

^ 

1 

Boston-  Concord 

1 

L-, 

Waburn -Lowell 

^1 

^ 

Lynn -Salem 

^^ 

1  , 

Lowell-Lawrence 

n 

1 , 

Lowell- Lrtfletvn 

^ 

Taunton-Fall  Riyer 

Taunton  -New  Bedford 

Taunton- Milford 

^^1 

L 

Framinij/iam  -  Mil  ford 

^^ 

=^ 

YAjrcestei — Milford 

^^ 

Hcd 

1 

"          Marlboro 



r-^ 

L_ 

1 

^ — 

>»         Athol 

^j-— 

, 

Fitchburcf  "-/Hhol 

^  1 

Worcester-Sterlina 

__, 

Attiol-Sorina field 

n 

"     dneerrfield 

r   c/,^ 

1 West  fie  Id Springfield 

^ 

fl       1       1       1       1    ■ 

1 

1 

Sorincrfield-Holvoke 
"            Pikifield 

vindicates  average  fofal  net  weijiif  in  tons  per  hour,  erf  commodities, 
jindicafes      »         n  iare     rr     »    rr     n      »    of  trucks  carryingf 
loads  and  returning'  empty 

■       I  Combined  indicate  cr/enage  gross  weight  in  tons  per  hour,  of  truck  traffic. 


Fig.  212. 


The  legal  limit  in  Massachusetts  for  the  weight  of  truck  and  load  is  14  tons,  and  outside 
the  metropolitan  parks  and  sewerage  districts  there  is  also  a  limit  of  800  lb.  per  inch  width 
of  tire.  Since  the  largest  tire  practicable  is  14  in.  wide  or  its  equivalent,  two  7-in.  tires,  this 
practically  limits  the  legal  axle  load  to  22,400  lb.  even  with  the  largest  tires.  When  the 
weight  of  the  truck  and  load  was  over  the  legal  limit  several  hundred  pounds  or  more,  we 
summoned  the  driver  to  court.  In  1921  we  had  116  cases  in  court  and  secured  a  verdict 
of  guilty  in  109  cases. 

Sometimes  we  made  the  truckman  remove  part  of  his  load.  On  one  occasion  in  Reading, 
I  stopped  a  truck  going  from  Boston  to  Lowell  which  weighed  38, .300  lb.,  and  another  owned 
b>  the  same  company  going  to  Lawrence  which  weighed  .34,100  lb.  When  told  they  could 
not  proceed,  they  telephoned  to  Boston  for  another  truck,  which  came  out  and  took  25 
bbl.  of  sugar  off  one  truck  and  17  off  of  the  other. 

When  we  started  the  investigation  there  were  three  facts  we  wanted  to  determine: 

1.  The  Maximum  Load. — Actual  weight  of  heaviest  truck  load  and  how  its  weight 
is  distributed  on  the  wheels.  This  is  to  be  used  as  a  basis  for  computing  the  greatest 
stresses  in  the  pavement  and  in  bridges. 

2.  Overloaded  Trucks. — The  ratio  of  the  actual  load  to  the  manufacturers'  rated  carrying 
capacity  is  called  the  "load  factor."  While  we  found  some  trucks  carrying  as  much  as 
two  or  three  times  the  rated  capacity,  the  average  load  factor  for  all  the  trucks  carrying 
any  load  is  about  1,  and  taking  into  account  the  trucks  returning  empty  the  average  load 
factor  is  about  0.5. 

3.  Intensity  of  Traffic. — A  highway  engineer  is  often  called  upon  to  compare  the  traffic 
over  one  road  with  that  over  another.  For  this  purpose  it  is  necessary  to  stop  every  heavy 
truck  passing  a  certain  point,  ask  the  driver  a  number  of  questions  regarding  the  weight  of 
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his  truck  and  load,  and  find  the  total  weight  of  all  the  trucks  in  a  given  period  of  time. 
I  adopted  "  tons-per-hour"  as  being  probably  the  most  convenient  unit  to  express  the  vol- 
ume of  traffic.  For  instance,  if  one  road  carries  ten  times  as  many  tons  per  hour  as  another, 
it  is  reasonable  to  suppose  that  the  former  road  will  wear  out  about  ten  times  as  fast  as  the 
latter  and  cost  ten  times  as  much  to  keep  up,  other  things  being  equal. 

The  diagram  herewith  showing  intensity  of  truck  traffic  gives  first  the  average  weight  in 
tons  per  hour  of  the  commodities  carried,  i.e.,  the  pay  load;  and  secondly,  the  average 
gross  weight  of  the  trucks  and  loads  passing  that  point,  including  the  weight  of  the  trucks 
returning  empty.  The  former  is  an  index  of  the  relative  economic  value  of  the  road  to  the 
community.  The  latter  is  a  measure  of  the  relative  wear  due  to  trucks.  Pleasure  vehicles 
and  light  trucks  are  not  included  in  this  diagram. 

We  di\ided  the  commodities  carried  into  five  groups:  (1)  Crushed  stone,  gravel,  etc.; 
(2)  oil,  gasoline,  and  tarvia  in  tank  bodies;  (3)  groceries,  meat  and  drinks;  (4)  wool,  cotton 
and  dry  goods;  (5)  machinery,  lumber  and  furniture. 

Our  analysis  of  these  figures  shows  some  interesting  conclusions — among  others,  that 
the  loads  going  out  from  the  city  are  very  much  greater  than  the  loads  going  in  toward 
the  center.  About  75  per  cent  of  the  net  load  on  any  one  of  the  through  routes  is  going  out 
from  Boston,  and  only  25  per  cent  coming  in.  If  these  could  be  more  nearly  balanced,  the 
efficiency  of  this  kind  of  transportation  would  be  very  much  increased. 
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Introductory  Note. — As  a  further  evidence  of  the  essential  correctness 
of  the  Design  Values  assigned  to  S  (Tension)  Chap.  II,  page  106  the  follow- 
ing recent  report  published  since  the  preparation  of  the  manuscript  is 
included  as  Appendix  D. 

The  report  is  given  in  full.  Some  of  the  data  and  recommendations 
do  not  agree  with  the  text  of  this  book  in  all  particulars.  This  should  be 
of  interest  to  the  reader  in  supplying  a  somewhat  different  point  of  view 
indicating  the  points  of  disagreement  and  uncertainty  in  pavement 
design  (1923). 

PRACTICAL  LESSONS  FROM  THE  BATES  ROAD  TESTS i 

Completion  of  the  traffic  tests  on  the  Bates  test  road  in  Illinois  permit  certain  tentative 
conclusions  which  can  be  put  to  immediate  use  in  designing  paved  roads.  In  general  the 
tests  have  shown  first  that  there  must  be  strict  truck-load  regulation  if  paved  roads  are 
to  endure,  and  second  that  greatest  pavement  endurance  is  secured  by  a  slab  which  is 
considerably  thickened  at  the  edges.  Both  of  these  practices  have  been  laid  down  as 
requisites  for  the  future  highway  operations  of  the  state  of  Illinois. 

A  description  of  the  Bates  test  road  and  details  of  the  construction  of  each  section  were 
published  in  Engineering  News-Record  of  Aug.  18,  1921,  p.  274.  In  the  issue  of  Aug.  10, 
1922,  p.  2.36,  the  results  of  the  traffic  tests  up  to  and  including  the  fifth  increment  of  loading 
were  published.  Briefly,  the  plan  of  the  traffic  test  was  to  impose  on  the  2-mile  road  con- 
sisting of  63  different  sections  of  pavement,  a  loading  shown  in  the  table  on  page  602. 
Eighteen  3-ton  trucks  were  used  for  applying  the  loads. 

Tentative  Conclusions. — With  the  completion  of  the  tests  the  greatest  traffic  imposed 
upon  any  section  was  377,460  tons.  Of  this  198,000  tons  were  imposed  by  trucks  loaded  to 
the  legal  limit  of  8,000  lb.  on  each  rear  wheel.  Only  nine  of  the  original  63  sections  came 
through  without  a  break.  Since  four  of  the  sections  had  breaks  which  were  obviously 
caused  by  abnormal  conditions,  thirteen  sections  may  be  considered  as  having  satisfactorily 
sustained  the  traffic  test.  The  final  records  are  not  yet  fully  analyzed,  but  certain  general 
comparisons  and  tentative  conclusions  are  possible. 

1.  A  difference  in  the  thickness  of  base,  thickness  of  brick  or  type  of  brick,  apparently 
had  no  consistent  effect  upon  the  load-supporting  capacity  of  bituminous  filled  brick  on 
macadam  base.  All  five  sections  failed  at  approximately  the  same  time  and  to  the  same 
extent.  This  does  not  seem  logical  and  studies  will  be  made  in  an  effort  to  fix  the  cause  of 
the  apparent  inconsistency. 

2.  No  consistent  ratio  of  strength  to  thickness  of  base  appears  in  sections  of  asphaltic 
concrete  on  macadam  base.  Apparently  traffic-supporting  capacity  increases  with  an 
increase  in  thickness  of  asphaltic  concrete  top. 

3.  The  assumption  made  at  the  beginning  of  construction  that  an  asphaltic  concrete 
wearing  surface  on  a  concrete  base  would  have  a  traffic  supporting  capacity  equal  to  that  of 
a  concrete  pavement  having  a  thickness  equal  to  that  of  the  base  plus  1  in.  seems  to  have 
been  a  fair  guess.  Additional  thickness  of  top  apparently  adds  strength  to  the  pavement. 
It  is  further  evident  that  increased  base  thickness  is  accompanied  by  increased  strength. 

4.  Wide  variation  is  noticed  in  comparing  sections  having  the  same  base  and  top 
thickness,  but  having  lean  and  rich  base  mixes. 
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5.  The  original  assumption  that  a  bituminous-filled  brick  wearing  surface  on  a  concrete 
base  has  a  strength  equal  to  that  of  a  concrete  slab  having  a  thickness  equivalent  to  that 
of  the  base  plus  M  the  thickness  of  the  brick  surface  was  apparently  incorrect.  In  prac- 
tically every  instance  the  concrete  sections  proved  of  greater  strength  than  their  supposed 
equivalent  in  bituminous  filled  brick. 

6.  There  appears  to  be  no  obvious  difference  in  the  resulting  strength  of  the  2  kinds  of 
brick  (lug  and  lugless),  the  bases  being  the  same.  In  each  case  the  artificially-cut  joint  was 
inadvertently  made  in  the  part  of  the  sections  laid  with  lug  brick;  and  to  this  fact  is  attri- 
buted the  greater  number  of  breaks  occurring  in  the  sections  of  this  type.  Had  these 
joints  been  cut  in  both  the  lug  and  lugless  sections,  it  is  believed  the  breaks  would  have 
been  equal  in  number  in  both  types  of  brick  sections. 

7.  Although  no  direct  comparisons  can  be  made  between  3-in.  and  4-in.  brick,  the  bases 
being  the  same,  the  indications  are  that  the  added  inch  of  brick  is  probably  effective  in 
producing  greater  strength.  In  comparing  sections  where  the  total  thickness  of  the  pave- 
ment is  about  the  same,  but  variations  are  present  in  the  thicknesses  of  the  base  and  brick 
surface,  a  great  inconsistency  is  noticed.  The  comparative  effect  of  rich  and  lean  base 
mixes  seems  also  to  be  inconsistent. 

8.  In  comparing  the  various  cushions  which  were  used  under  the  surfaces,  it  seems  to 
appear  that  the  mastic  cushion  (in  this  case  10  per  cent  Tarvia  B  mixed  with  sand)  is 
superior  to  the  sand  and  sand-cement  cushion.  In  regard  to  the  use  of  sand  and  mastic 
cushions,  it  can  be  said  that  previous  to  the  application  of  traffic  on  the  road,  a  difference 
was  noted  in  the  surface  of  the  brick  in  these  sections.  In  the  sand  cushioned  sections  it 
was  noted  that  an  occasional  row  of  brick  across  the  entire  width  of  pavement  had  settled 
immediately  over  a  crack  in  the  base.  It  is  thought  that  this  settlement  was  due  to  the 
sifting  of  the  sand  from  the  section  through  the  crack.  Although  cracks  were  present  in  the 
base  of  the  mastic-cushioned  section  the  cohesiveness  of  the  cushion  prevented  any  sifting 
of  the  material,  with  the  result  that  no  settlement  in  the  brick  took  place. 

9.  The  original  assumption  that  the  brick  surface  in  monolithic  pavement  acts  as  a  unit 
with  the  concrete  of  the  base,  thus  forming  a  truly  monolithic  slab  having  the  same  carrying 
capacity  as  an  equal  thickness  of  concrete,  was  disproved  early  in  the  traffic  tests.  Before 
the  truck  traffic  was  started,  a  number  of  areas  were  recorded  where  the  bond  between  the 
grout-filled  brick  surface  and  the  base  was  distinctly  broken.  Additional  areas  of  this 
character  continued  to  develop  during  the  test.  Under  the  trucks,  the  brick  surface 
and  the  base  in  these  areas  acted  as  independent  superimposed  units  in  supporting  the  loads. 
The  brick  surface  usually  failed  first  by  a  shattering  of  the  bond  between  the  individual 
bricks,  the  base  then  being  called  upon  to  support  a  much  greater  proportion  of  the  total 
load.  Usually  base  failure  soon  followed.  It  was  clearly  evident  that  the  strength  of  a 
so-called  monolithic  section  was  less  than  that  of  a  concrete  section  of  the  same  thickness. 

10.  In  comparing  the  value  of  an  added  inch  of  brick  with  an  added  inch  of  concrete 
base,  the  total  thickness  remaining  the  same,  it  was  noticed  that  the  thicker  base  section 
has  the  advantage. 

11.  An  increase  of  total  thickness  appears  to  add  strength.  That  is,  a  4-in.  brick  on  a 
2-in.  base  shows  greater  strength  than  a  3-in.  brick  on  a  2-in.  ba.se. 

12.  Indications  are  that  a  richer  mix  of  concrete  in  the  base  is  better  than  a  lean  one. 

13.  Soon  after  starting  traffic,  it  developed  that  the  sections  containing  special  cements 
or  other  chemicals  showed  less  strength  than  the  plain  concrete  sections  of  the  same 
thicknesses. 

14.  Sections  containing  certain  special  features  of  design,  consisting  of  transverse  and 
longitudinal  joints  with  marginal  steel,  showed  greater  strength  than  the  plain  concrete 
sections  of  the  same  thicknesses. 

15.  A  comparison  between  the  sections  having  imbedded  steel  gives  the  impression  that 
the  sections  containing  wire  mesh  showed  the  least  strength  for  their  thicknesses. 

16.  Sections  containing  wire  mesh  seemed  to  show  some  indications  of  greater  strength 
than  plain  concrete  having  the  same  thickness. 
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Table  I. — Load  Increments  and  the  Number  of  Applications  of  Each 


Increment 

Load, 
pound   on 
each   rear 

Load, 
pound   on 
each  front 

Gross  load 

Net  or  live 
load  in 
pounds 

Number  of  round  trips 

number 

wheel 

wheel 

Day 

Night 

1 

2,500 

2,250 

9,500 

1,000 

2 

3,500 

2,150 

11,300 

2,167 

1,033 

3 

4,500 

2,000 

13,000 

1,700 

2,000 

1,000 

4 

5,500 

1,900 

14,800 

3,500 

2,000 

1,000 

5 

6,500 

1,800 

16,600 

5,300 

2,000 

1,000 

6 

8,000 

1,930 

19,860 

8,560 

5,000 

5,000 

17.  A  comparison  of  sections  containing  longitudinal  control  joints  and  those  in  which 
no  joint  was  placed  appears  to  give  the  former  the  advantage  of  strength. 

18.  In  the  plain  concrete  sections  the  thicknesses  of  the  slabs  were  a  measure  of  their 
strengths. 

19.  The  behavior  of  all  of  the  63  sections  demonstrates  the  fact  that  if  traffic  can  be  kept 
away  from  the  edge  of  the  pavement,  fewer  failures  will  result.  Under  every  increment  of 
load,  except  the  first,  the  number  of  failures  occurring  on  the  south  side  exceeded  to  a  very 
great  extent  those  on  the  north  side.  The  line  of  trafhc  in  all  runs  except  the  first,  was  such 
that  the  outer  rear  wheels  of  the  trucks  traveled  2}-^  ft.  from  the  edge  of  the  pavement  on 
the  north  side  and  directly  on  the  edge  of  the  south  side. 

Strength  Theory  of  Rigid  Pavements. — In  Engineering  News-Record  of  Feb.  3,  1921,  p. 
210,  Clifford  Older,  State  Highway  Engineer  of  Illinois,  called  attention  to  the  apparent 
weaknesses  of  rigid  pavements  at  corners  formed  by  the  intersection  of  transverse  cracks  or 
joints  with  the  edges  of  the  pavements.  A  tentative  formula  for  pavement  design  was 
suggested  which  was  based  on  the  assumption  that  such  corners  should  be  designed  as 
unsupported  cantilevers.  This  formula  for  slabs  of  ordinary  design  without  special  pro- 
visions for  strengthening  the  edges  was  as  follows: 

Stress  equals  three  times  the  load  divided  by  the  square  of  the  depth  of  the  slab: 


Transposing  this  formula. 


TF  = 


Sd^ 


If,  then,  the  assumption  upon  which  this  formula  is  based  is  true,  by  substituting  for  S 
the  modulus  of  rupture  of  the  load-carrying  element  of  the  slab  design,  the  breaking  load 
for  any  thickness  may  be  determined. 

It  is  interesting  to  compare  the  behavior  of  the  rigid  sections  of  the  Bates  Road  with  this 
formula. 

In  the  figure  the  theoretical  breaking  load  curve  is  plotted  on  the  basis  of  the  average 
modulus  of  rupture  of  the  test  pieces  of  all  concrete  sections  and  all  others  having  concrete 
bases.  The  breaking  load  points  in  this  diagram  are  plotted  in  the  same  horizontal  position 
relative  to  this  breaking  load  curve  as  they  hold  to  the  average  modulus  of  rupture  curve  of 
their  respective  series.  It  is  noticeable  that  even  as  so  plotted,  the  points  fall  in  rather  a 
wide  band.  Such  an  occurrence  is  inevitable  considering  the  fact  that  even  in  carefully 
controlled  operations,  accidents  of  construction  may  influence  the  strength  of  the  pavement 
slab.  Further,  the  temperature  conditions  affecting  the  closing  of  transverse  joints  and 
cracks,  therefore  greatly  affecting  the  carrying  capacity  of  the  weak  corners,  tend  to  pro- 
duce erratic  results.  Again,  the  load  increments  vary  one  from  the  other  by  rather  wide 
stages,  which  might  easily  mean  that  the  critical  load  for  a  given  thickness  was  less  than 
the  one  recorded.  No  attempt  was  made  to  take  this  factor  into  account  in  evaluating  the 
critical  load  breaks,  as  previously  described.     The  figure  shows  also  a  curve  in  which  the 
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load  causing  fiber  stress  equal  to  that  of  one-half  of  the  average  modulus  of  rupture  is 
plotted  against  the  thickness. 

The  fatigue  tests  which^have  been  carried  on  by  the  Illinois  Division  of  Highways  for 
about  18  months  indicate  conclusively  that  concrete  may  resist  bending  loads  indefinitely 
if  such  loads  do  not  cause  fiber  stresses  in  excess  of  one-half  of  the  modulus  of  rupture  of  the 
concrete.  Inasmuch  as  it  was  impossible  to  operate  the  trucks  a  sufficient  number  of 
trips  for  each  increment  to  cause  fatigue,  the  plotted  points  in  all  diagrams  without  doubt 
are  but  little  affected  by  fatigue  breakage.  The  laboratory  tests  show  that  where  the  loads 
applied  produced  a  fiber  stress  of  from  5  to  10  per  cent  in  excess  of  one-half  of  the  modulus 
of  rupture,  fatigue  may  not  follow  for  from  5,000  to  40,000  repetitions.  Loads  which 
produce  fiber  stresses  in  excess  of  60  per  cent  of  the  modulus  of  rupture  are  usually  followed 
by  breakage  after  a  comparatively  few  repetitions. 
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Fig.  213. — Bates  road  (record  of  actual  failures).      Cement  concrete  pavements. 


It  seems  safe  therefore  to  conclude  that  had  the  number  of  applications  of  each  increment 
been  much  greater — say  30,000  to  40,000 —  the  breaking  load  points  would  have  fallen  in 
the  main  between  the  curve  passing  through  points  representing  a  fiber  stress  of  703  and 
that  representing  a  fiber  stress  of  351. 

In  the  figure  is  also  plotted  a  curve  representing  a  fiber  stress  of  200  lb.  per  square  inch 
which  was  proposed  as  a  working  formula  in  1920.  Had  the  various  sections  of  the  Bates 
Road  been  designed  in  accordance  therewith,  no  breakage  of  any  kind  would  have  appeared 
under  increments  equal  to  the  designed  load.  In  none  of  the  sections  of  the  Bates  Road, 
except  63A  and  63B,  which  represent  the  Illinois  1921  standard,  was  provision  made  for 
strengthening  corners  by  doweling. 

While  the  theory  on  which  this  formula  is  based  is  perhaps  not  yet  fully  established, 
nevertheless  the  empirical  data  furnished  by  the  traffic  tests  seem  to  be  sufficiently  con- 
firmatory to  justify  its  use  at  least  until  something  better  is  found. 

By  means  of  one  or  more  continuous  dowel  bars  along  the  edge,  it  is  believed  that 
adjacent  corners  may  be  made  to  act  together  and  thus  the  breaking  and  working  loads 
may  be  increased  materially,  or  perhaps  even  doubled.  Further,  it  is  easily  conceivable  that 
if  in  addition  to  dowel  bars  the  edges  are  thickened,  they  may  be  made  stronger  than  other 
portions  of  the  slab.  It  is,  then,  important  to  determine  where  next  to  look  for  trouble; 
and  eventually  determine  how  the  slab  should  be  designed  for  balanced  strength  throughout. 


APPENDIX  E 
STREET  WIDTHS 

This  book  is  primarily  concerned  with  the  design  of  rural  highways  but  in  con- 
nection with  rural  improved  highways  it  is  often  necessar.y  to  design  short  stretches 
of  village  or  city  street  pavements  as  connecting  links  on  such  systems  and  proper 
widths  of  pavements  and  sidewalks  on  streets  become  an  element  in  the  designs  to  be 
handled.  City  street  layouts  and  widths  are  big  subjects  covering  a  wide  range 
from  unimportant  resident  streets  to  pleasure  boulevards  and  congested  main 
streets.  The  subject  is  well  covered  by  works  by  Robinson,  Lewis,  Blanchard,  Agg, 
etc.,  and  for  special  problems  readers  are  referred  to  such  works. 

Connecting  links  in  state  highway  systems  through  villages  generally  refer  to 
main  residential  or  business  streets  of  villages  or  small  cities.  For  these  conditions 
central  parking  spaces  are  rarely  desirable  and  the  layout  is  the  common  one  of  road- 
way with  side  lawns  or  wide  sidewalks  from  the  curb  to  the  street  line. 

For  residential  streets  where  occasional  parking  parallel  to  the  curb  prevails  a 
width  of  paved  street  of  30  to  32  ft.  between  curbs  is  a  satisfactory  minimum  on  state 
route  connecting  links  through  villages  where  there  are  no  street  car  tracks.  Where 
double  car  tracks  occur  it  is  customary  to  increase  the  minimum  to  36  ft.  although 
this  width  does  not  give  as  great  freedom  of  movement  and  a  width  of  45  ft.  is  advis- 
able if  the  total  width  between  street  lines  will  permit.  Sidewalks  5  ft.  wide  with  a 
variable  width  of  ornamental  grass,  tree  or  shrubbery  parking  with  a  minimum 
cross  slope  of  J-^  to  ^i  in.  per  foot  serve  very  well.  Excessive  pavement  widths  are 
to  be  avoided  on  residential  streets  and  wide  side  parking  adds  to  the  pleasing  appear- 
ance of  the  street. 

In  business  sections  a  minimum  width  of  50  ft.  and  preferably  60  ft.  between 
curbs  is  desirable  where  there  are  no  car  tracks.  Sidewalks  from  curb  to  building 
line  should  be  at  least  12  ft.  if  the  total  width  of  the  street  permits.  For  wide  business 
streets  it  is  rarely  necessary  to  make  the  sidewalk  more  than  18  ft.,  the  pavement  tak- 
ing up  the  balance  of  the  space.  Where  street  car  tracks  occur  it  is  desirable  to  make 
the  pavement  as  wide  as  possible  without  reducing  the  sidewalk  width  below  the 
12  ft.  limit. 
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RECENT  CONCRETE  DATA 


At  various  places  in  the  text  reference  is  made  to  the  effect  of  time  of  mixing  on 
strength;  care  in  curing  on  strength  and  fineness  modulus  on  strength.  The  following 
data  briefed  from  publications  of  the  Portland  Cement  Association  gives  the  most 
recent  data  (1923)  based  on  experiments  at  Lewis  Institute  under  the  direction  of 
Prof.  Duff  Abrams. 

Very  often  both  contractor  and  inspector  are  somewhat  skeptical  as  to  the  necessity 
for  the  more  recent  specification  clauses  based  on  rational  care  in  aggregate  sizing, 
time  of  mixing  and  care  in  curing.  Even  a  casual  inspection  of  the  experimental 
results  here  recorded  ought  to  convince  any  unbiased  inspector  of  the  necessity  of  care 
in  these  particulars. 
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Time  of  Mixing— Minutes 

-Relation  between  time  of  mixing  and  the  compressive  strength  of  concrete. 


Proper  Time  of  Mixing  Increases  Strength. — Effective  mixing  involves  both 
time  and  number  of  revolutions.  Many  inspectors  and  contractors  believe  that  the 
number  of  revolutions  controls  strength  of  mix  and'that  by  speeding  up  the  mixer  the 
time  can  be  reduced  without  any  detriment  to  the  mix.  The  following  diagrams 
show  that  the  specification  clauses  involving  both  time  and  speed  are  essential  clauses 
and  that  both  must  be  complied  with  for  the  best  results. 

Proper  Curing  Increases  Strength  of  Concrete. — Careful  distinction  should  be 
made  between  the  requirements  of  concrete  for  water  dtu-ing  the  mixing  operation  and 
in  curing.  A  safe  rule  to  follow  is  to  use  the  smallest  quantity  of  mixing  water  that 
will  produce  a  sufficiently  plastic  mixture  for  the  work  in  hand,  and  then  to  give  the 
surface  of  the  concrete  as  much  curing  water  as  possible  after  the  concrete  is  placed. 

Concrete  hardens  because  of  chemical  reactions  between  portland  cement  and 
water.     Down  to  an  amount  less  than  can  be  used  in  construction  work,  the  smaller 
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the  quantity  of  mixing  water  the  stronger  will  be  the  concrete.  Therefore,  the  quan- 
tity of  mixing  water  should  be  reduced  as  far  as  possible.  However,  once  the  concrete 
is  placed,  and  it  has  hardened,  conditions  change  and  ample  curing  water  should  be 
provided. 
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Fig.  2. — Relation  between  speed  of  mixer  and  the  compressive  strength  of  concrete. 


The  chemical  reactions  of  the  hardening  of  concrete  are  slow,  and  if  sufficient 
moisture  is  not  present  they  cannot  be  completed.  The  mixing  water  essential  to 
proper  hardening  of  freshly  placed  concrete  is  often  lost  by  absorption  or  evaporation 
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Fig.  3. — Keeping  concrete  damp  the  fii-st  ten  days  adds  75  per  cent  to  its  compressive 
strength.  It  reduces  the  amount  of  wear  40  per  cent,  or  tice  versa,  increases  the  resistance  to 
wear  65  per  cent.     Three  weeks'  protection  adds  still  more  strength  and  hardness. 


even  after  the  concrete  has  begun  to  harden.  Under  such  conditions,  concrete  attains 
only  part  of  its  potential  strength.  Therefore,  the  water  content  of  freshly  placed 
concrete  should  be  conserved.     Keeping  concrete  damp  during  its  early  hardening 
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period,  or,  in  other  words,  providing  plenty  of  curing  water,  prevents  evaporation 
of  necessary  moisture,  and  permits  concrete  to  harden  under  favorable  conditions. 

Protect  Concrete  While  Hardening. — Tests  show  that  protection  during  the  early 
hardening  period  greatly  increases  the  strength  and  resistance  to  wear  of  concrete. 
Fig.  3  gives  a  summary  of  the  results  of  these  tests.  All  specimens  were  tested  at 
the  same  age — 4  months.  One  set  was  allowed  to  harden  in  air  for  the  full  4  months; 
the  second  set  was  stored  in  damp  sand  for  3  days  and  in  air  for  the  remaining  117 
days;  the  third  set  was  stored  in  damp  sand  21  days  and  in  air  the  remaining  99  days; 
while  the  fourth  set  was  stored  in  damp  sand  the  full  120  days  and  was  tested  while 
still  damp.  Thus  the  increased  strength  and  resistance  to  wear  was  caused  solely  by 
the  better  curing  conditions  provided. 

Note  that  keeping  concrete  damp  for  the  first  10  days  increased  its  compressive 
strength  75  per  cent,  for  3  weeks  115  per  cent,  and  for  4  months  145  per  cent. 

Note  also  that  keeping  concrete  damp  for  the  first  10  days  decreased  the  amount 
of  wear  40  per  cent,  and  for  3  weeks  55  per  cent.  Keeping  concrete  damp  for  4  months 
did  not  cause  a  further  decrease  in  wear,  but  the  specimens  were  tested  damp.  Had 
they  been  allowed  to  dry  out  for  a  few  days  before  being  tested,  the  amount  of  wear 
would  probably  have  been  less. 
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Fineness  Modulus  of  Aggregate 

Fig.  4. — Relation  between  .he  grading  of  the  aggregate  and  the  strength  of  concrete. 


Reversing  the  form  of  these  wear  results,  10  days  protection  increased  the  resis- 
tance to  wear  of  concrete  65  per  cent,  and  3  weeks  protection  120  per  cent.  Thus 
proper  curing  increases  the  resistance  to  wear  of  concrete  almost  in  the  same  propor- 
tion as  the  compressive  strength.  Needless  to  say,  resistance  to  wear  is  an  important 
consideration  in  floors,  pavements  and  platforms. 

Careful  Grading  of  Aggregate  Increases  Strength  of  Concrete.' — Portland  cement, 
which  forms  only  15  to  25  per  cent  of  the  volume  of  concrete,  is  carefully  tested 
to  see  that  it  meets  exacting  specifications.  Aggregates,  which  form  75  to  85  per  cent 
of  the  volume  of  concrete,  should  also  be  tested.  Aggregates  should  be  clean,  free 
from  coatings  or  organic  impurities  and  structurally  sound.  Furthermore,  proper 
size  and  grading  cf  aggregates,  or  proper  proportioning  of  fine  and  coarse  aggregates, 
may  double  the  strength  of  concrete,  as  shown  in  Fig.  4.  Doubling  the  strength  as 
the  results  of  a  few  hours'  study  and  a  little  closer  supervision  is  surely  worth  while. 

Grading  of  Aggregates  Varies. — Any  number  of  fine  and  coarse  aggregates  of  widely 
different  size  and  gradings  may  meet  the  usual  specifications  in  those  respects.     If 
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combined  in  arbitrary  proportions,  such  as  1:2:4,  some  of  them  will  make  far  better 
concrete  than  others.  For  best  results  a  proportion  should  be  determined  for  each 
case  that  will  fit  the  particular  aggregates  to  be  used.  A  little  study  will  quickly 
show  which  of  two  or  more  available  aggregates  is  the  better  graded  and  will  therefore 
make  the  best  concrete.  Consideration  of  these  factors  may  permit  the  use  of  local 
materials,  with  a  saving  in  freight.  It  may  also  result  in  securing  high  grade  concrete 
at  lower  cost.  Such  studies  can  readily  be  made  by  any  competent  engineer  or 
inspector,  and  at  very  small  expense. 

Assuming  a  given  consistency,  which  should  always  be  as  stiff  as  the  nature  of  the 
work  permits,  and  a  given  mix  (proportion  of  cement  to  total  volume  of  mixed  aggre- 
gate), the  strength  of  the  resulting  concrete  depends  on  the  size  and  grading  of  the 
aggregate.  In  general,  the  larger  and  coarser  the  aggregate,  the  stronger  will  be  the 
concrete.  Coarse  sand  will  produce  stronger  concrete  than  fine  sand,  while  stone  or 
pebbles  in  which  the  larger  sizes  predominate  will  produce  stronger  concrete  than 
smaller  stone  or  pebbles. 

Fineness  Modulus  Shows  Grading. — A  simple  index  number,  called  the  "fineness 
modulus,"  has  been  developed  to  indicate  the  size  and  grading  of  aggregates,  and 
therefore  their  value  for  use  in  concrete.  It  can  be  applied  to  either  fine  or  coarse 
aggregates,  or  to  any  combination  of  them.  It  shows  at  a  glance  which  of  two  or  more 
aggregates  is  the  better  graded.  From  it  the  proportions  in  which  given  fine  and 
coarse  aggregates  should  be  combined  are  easily  computed. 

To  determine  the  fineness  modulus  of  an  aggregate  it  is  only  necessary  to  make  a 
simple  sieve  anal.ysis.  A  set  of  U.  S.  standard  square  mesh  sieves  is  used,  each  sieve 
having  a  clear  opening  double  the  width  of  the  next  smaller  size.  These  sizes  are 
100,  50,  30,  16,  8  and  4  meshes  per  linear  inch,  and  ^^-in.,  ^4-in.  and  xy^-m.  For  larger 
aggregates  3-in.  and  6-in.  sieves  maj'  also  be  used.  The  percentage  of  the  aggregate, 
either  by  weight  or  by  volume,  coarser  than  each  sieve  is  measured.  The  sum  of  these 
percentages,  divided  by  100,  is  called  the  fineness  modulus.  A  close  approximation 
can  be  obtained  by  using  only  alternate  sieve  sizes,  50,  16,  4  and  5^,  and  estimating 
the  percentages  for  the  others.     These  four  sieves  make  a  convenient  set  for  field  use. 

Table  2,  on  p.  609,  gives  the  sieve  analyses  and  fineness  moduli  of  ten  aggregates. 
The  first  is  sand,  the  second,  pebbles.  The  other  eight  aggregates  were  formed  by 
combining  these  materials  in  various  proportions.  As  the  percentage  of  pebbles 
increases,  the  aggregate  becomes  coarser  and  the  fineness  modulus  grows  larger,  thus 
reflecting  the  size  and  grading  of  the  aggregate. 

Good  Grading  Doubles  the  Strength. — The  last  column  shows  tlie  compressive 
strength  of  concrete  made  from  those  eight  aggregates  in  the  proportions  of  one 
volume  of  cement  to  four  volumes  of  total  aggregate.  These  strengths  are  plotted 
in  Fig.  4.  Note  that  up  to  a  certain  point,  the  concrete  increases  in  strength  as  the 
aggregate  gets  coarser.  Beyond  that  point  the  aggregate  is  too  coarse  for  the  amount 
of  cement  used  and  the  concrete  decreases  in  strength.  Note  also  that  proper  grading 
of  aggregate  may  double  the  strength  of  the  concrete.  For  other  mixes  the  same  prin- 
ciple holds  true,  although  the  greatest  strength  would  be  obtained  with  a  different 
grading.  The  richer  the  mix,  the  coarser  the  aggregate  and  the  larger  the  fineness 
modulus  that  will  give  the  strongest  concrete. 

Aggregate  No.  3,  with  a  fineness  modulus  of  4.00,  corresponds  to  a  bank  run  gravel; 
it  contains  entirely  too  much  fine  material  for  best  results.  Aggregate  No.  10,  with  a 
fineness  modulus  of  6.75,  corresponds  in  grading  to  a  crusher  run  stone;  it  contains  too 
much  coarse  material.  This  shows  the  folly  of  using  either  bank  run  gravel  or  crusher 
run  stone.  Such  material  should  always  be  screened  and  recombined  in  proper 
proportions. 
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Table  2. — Sieve  Analysis  and  Fineness  Modulus  of  Aggregate 


Sieve  analysis.     Per  cent  coarser  than  each 

Comp. 

Ref. 

sieve 

Fineness 
modulus 

strength 

No. 

of  a  1:4 
mix.  lb. 

100 

50 

30 

16 

8 

4 

H 

% 

IK 

per  sq.  in. 

1 

99 

93 

63 

40 

20 

0 

Sand 

3.15 

2 

Pebbles 

100 

75 

25 

0 

7.00 

3 

99 

93 

68 

55 

39 

23 

17 

6 

0 

4.00 

1,630 

4 

99 

95 

79 

70 

59 

49 

37 

12 

0 

5.00 

2,910 

5 

100 

95 

84 

77 

70 

62 

46 

16 

0 

5.50 

3,370 

6 

100 

97 

86 

79 

73 

68 

51 

21 

0 

5.75 

3,540 

7 

100 

98 

90 

85 

79 

74 

56 

18 

0 

6.00 

3,390 

8 

100 

98 

91 

89 

85 

81 

61 

20 

0 

6.25 

3,150 

9 

100 

99 

94 

93 

90 

87 

65 

22 

0 

6.50 

2,790 

10 

100 

100 

98 

96 

94 

93 

70 

24 

0 

6.75 

2,540 

Fineness  Modulus  is  Simple. — The  fineness  modulus  of  any  mixture  of  two  or  more 
aggregates,  such  as  fine  and  coarse,  is  merely  the  weighted  average  of  the  fineness 
moduli  of  the  separate  materials.  For  example,  if  32  per  cent  of  sand  No.  1  {F.  M.  = 
3.15)  is  mixed  with  68  per  cent  of  pebbles  No.  2  (F.  M.  =  7.00),  the  fineness  modulus 
of  the  mixture  is : 

32  X  3,15 +68  X7.00 


F.  M.  = 


100 


=  5.77 


This  agrees  closely  with  the  value  given  in  the  table  (5.75)  for  aggregate  No.  6, 
which  was  found  by  a  sieve  analysis. 

Sieve  analyses,  which  are  easily  made,  will  give  the  fineness  moduli  of  any  fine  and 
>  oarse  aggregates,  while  a  simple  calculation  will  show  the  fineness  modulus  of  any 
mixture  of  them. 

If  the  proper  fineness  modulus  for  the  work  in  hand  is  known  (see  below),  the 
proportions  in  which  given  fine  and  coarse  aggregates  must  be  combined  to  secure 
that  fineness  modulus  can  readily  be  computed. 

Sieve  analyses  of  aggregates  may  vary  over  a  wide  range,  but  as  long  as  the  sum 
of  the  percentages  coarser  than  each  sieve  (fineness  modulus)  is  the  same,  the  aggre- 
gates may  be  expected  to  give  uniform  results  in  concrete.  This  relation  is  shown 
in  Table  3,  which  gives  the  sieve  analyses,  fineness  moduli  and  concrete  strengths  of 
10  aggregates  made  up  by  artificial  grading  of  the  same  sand  and  pebbles.  Although 
the  sieve  analj^ses  vary,  the  total,  or  fineness  modulus,  is  the  same  in  all  cases.  Note 
that  all  10  aggregates  made  concrete  of  substantially  the  same  strength,  the  mean 
variation  from  the  average  being  only  6.2  per  cent. 

Thus  the  fineness  modulus,  which  is  an  index  of  the  size  and  grading,  indicates  the 
value  of  an  aggregate  for  use  in  concrete.  The  reason  is  that,  eliminating  variations 
in*[the*absorption  of  the  aggregates,  the  fineness  modulus  reflects  the  quantity  of 
mixing  water  necessary  to  obtain  a  given  consistency.  In  general,  consistency  and 
mix  being  the  same,  the  fineness  modulus  indicates  the  strength  that  can  be  expected 
in  the  concrete.  Other  conditions  being  the  same,  aggregates  having  the  same  fineness 
modulus  will  produce  concrete  of  substantially  the  same  strength. 
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Table   3. — Strength    of   Concrete   from   Aggregates   op   Uniform  Fineness 

Modulus 

Mix  1:4  by  volume.     Relative  consistency  1.10.     Age  at  test  28  days.     Specimens 

(6  by  12-in.  cylinders)  were  stored  in  damp  sand  and  tested  damp 


Ref. 
No. 


Sieve  analysis. 

Per  cent 

coarser  th 

an  each 

sieve 

100 

50 

30 

16 

8 

4 

M 

M 

IK 

Fineness 
modulus 


Comp. 

strength 

lb.  per 

sq.  in. 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


95 

89 

82 

75 

67 

67 

67 

62 

0 

98 

95 

90 

83 

83 

83 

50 

22 

0 

98 

94 

90 

86 

83 

80 

55 

18 

0 

96 

90 

80 

80 

80 

80 

60 

38 

0 

90 

85 

81 

78 

75 

73 

66 

56 

0 

100 

93 

82 

73 

73 

73 

63 

47 

0 

100 

100 

100 

92 

81 

60 

45 

26 

0 

100 

99 

96 

91 

80 

50 

50 

38 

0 

99 

98 

90 

85 

80 

76 

38 

38 

0 

99 

98 

91 

85 

80 

76 

67 

8 

0 

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04. 
6.04 
6.04 


Average 

Maximum  value 

Minimum  value 

Mean  variation  from   average  . 


2,780 
2,530 
2,590 
2,570 
2,580 
2,880 
2,930 
3,040 
3,030 
2,690 

3,760 

3,040 

2,530 

6.2  per  cent 


Proportions  Depend  on  Aggregates. — Applying  this  principle  to  actual  construction, 
it  means  that  if  several  fine  and  coarse  aggregates  are  available,  concrete  of  sub- 
stantially the  same  strength  can  be  made  from  any  combination  of  fine  and  coarse 
material,  provided  that  the  materials  are  proportioned  to  have  the  same  fineness 
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Fig.  5. — Relation  between  maximum  size  of  aggregate,  fineness  modulus  and 
strength  of  concrete. 


modulus.  For  one  set  of  materials  the  proper  proportions  may  be  1:  2.3:  2.7,  for 
another  1:1.6:3.4  and  so  on.  To  apply  an  arbitrary  mixture,  such  as  1:2:3  to  all 
aggregates,  regardless  of  their  grading,  will  not  give  uniform  or  satisfactory  results. 
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The  mixture  should  be  determined  after  a  study  of  the  particuhir  aggregates  to  be 
used.  If  the  grading  of  the  aggregate  changes  during  the  progress  of  the  work  it  is  an 
easy  matter  to  change  the  mixture  accordingly. 

It  is  obvious  that  aggregates  having  a  larger  maximum  size  will  have  a  larger 
fineness  modulus.  This  is  shown  in  Fig.  5.  Note  that  as  the  maximum  size  increases, 
the  fineness  modulus  increases,  and  also  that  the  strength  of  concrete  increases. 

As  stated  before,  larger  fineness  moduli  can  be  used  with  rich  mixes  than  with 
lean  ones.  Therefore,  the  best  value  of  fineness  modulus  will  depend  on  both  the  mix 
and  the  maximum  size  of  the  aggregate.  Table  4,  below,  indicates  the  best  value  of 
the  fineness  modulus  for  the  usual  mixes  and  sizes  of  aggregates.  The  closer  the 
aggregate  comes  to  meeting  these  values  the  stronger  will  be  the  concrete. 

These  values  for  fineness  modulus  are  based  on  sand  and  pebble  aggregate  for 
ordinary  reinforced  concrete.  If  crushed  stone,  slag  or  flat  pebbles  are  used  as  coarse 
aggregate,  or  stone  screenings  as  fine  aggregate,  reduce  the  values  by  0.25.  For  mass 
work  the  values  can  be  increased  by  0.10  for  ^i  in.  aggregates,  0.20  for  13'^  in.  aggre- 
gate, and  0.30  for  3  in.  aggregate.  Fine  aggregate  used  in  concrete  should  not  have  a 
higher  fineness  modulus  than  that  given  for  mortars  of  the  same  mix. 


Table  4. — Best  Values  for  Fineness  Modulus 


Size  of  aggregates 

Mix 

cement — 

aggregate 

0-4 

o-M 

0-M 

0-1 

0-lM 

0-2 

0-3 

In. 

In. 

In.' 

In. 

In.i 

In. 

1:7 

3.20 

3.95 

4.75 

5.15 

5.55 

5.95 

6.40 

1:6 

3.30 

4.05 

4.85 

5.25 

5.65 

6.05 

6.50 

1:5 

3.45 

4.20 

5.00 

5.40 

5.80 

6.20 

6.60 

1:4 

3.60 

4.40 

5.20 

5.60 

6.00 

6.40 

6.85 

1:3 

3.90 

4.70 

5.50 

5.90 

6.30 

6.70 

7.15 

1:2 

4.20 

5.05 

5.90 

6.30 

6.70 

7.10 

7.55 

1:1 

4.75 

5.60 

6  50 

6.90 

7.35 

7.75 

8.20 

1  Considered  as  "half  size"  sieves;  not  used  in  computing  fineness  modulus 


Shrinkage  of  Aggregates  after  Mixing. — Table  4  gives  the  true  mix,  viz.  the  propor- 
tion between  the  volume  of  cement  (expressed  as  unity)  and  the  volume  of  total 
aggregate  after  the  fine  and  coarse  have  been  combined.  In  the  nominal  mix,  which 
is  the  one  ordinarily  used,  the  volumes  of  fine  and  coarse  aggregates  are  given  sepa- 
rately, i.e.,  1:2:4  or  \:\}/2,'-^-  The  nominal  mix  can  readily  be  converted  into  the 
true  mix.  Vice  versa,  if  the  ratio  between  fine  and  coarse  aggregate  is  known,  the 
true  mix  can  be  quickly  converted  into  the  nominal  mix.  For  the  usual  ratios  of  fine 
and  coarse  aggregate  (fine  aggregate  being  20  to  70  per  cent  of  the  total)  the  volume 
of  total  aggregate  after  mixing  will  be  about  seven-eighths  of  the  sum  of  the  volumes  of 
fine  and  coarse  aggregate  measured  separately.  For  example,  aggregate  No.  6  in 
Table  2  contained  32  per  cent  sand.  Four  cubic  feet  of  the  total  aggregate  would 
require  4.57  cu.  ft.  (.4.00  X  ^f)  of  fine  and  coarse  aggregate  measured  separately.  Of 
that ^4.57  cu.  ft.,  32  per  cent  or  1.46  cu.  ft.  would  be  sand  and  68  per  cent  or  3.11  cu.  ft. 
would  be  pebbles.     A  1:4  true  mix  would  be  obtained  by  using  a  1:1.46:3.11  nominal 
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mix.  Because  of  this  slirinkage  when  fine  and  coarse  aggregate  are  comlMned  a 
1:2:4  nominal  mix  does  not  correspond  to  a  1 : 6  true  mix  as  sometimes  assumed,  but  to 
about  1:5.2  true  mix. 

More  accurate  values  for  the  shrinkage  of  mixed  materials  can  be  obtained  by 
measuring  the  volume  of  mixed  aggregate  obtained  by  mixing  fine  and  coarse  aggre- 
gates in  the  proper  proportions,  or  by  calculation  from  the  weights  of  unit  volumes  of 
fine,  coarse  and  mixed  aggregates.  For  most  cases,  however,  the  average  shrinkage 
of  one-eighth  is  sufficiently  reliable. 

Example  1. — Four  fine  aggregates  and  three  coarse  aggregates  are  available  for  a 
certain  job.     Which  should  be  used?     Their  sieve  analyses  give  the  following  data: 


Aggregate 


Per  cent 

coarser  th 

an  each  sieve 

Fine- 

ness 
modu- 

100 

50 

30 

16 

8 

4 

M 

H 

m 

lus 

100 

90 

70 

55 

35 

20 

0 

0 

0 

3.70 

100 

85 

65 

40 

20 

0 

0 

0 

0 

3.10 

95 

75 

60 

30 

0 

0 

0 

0 

0 

2.60 

85 

80 

75 

35 

25 

0 

0 

0 

0 

3.00 

100 

100 

100 

100 

100 

100 

100 

40 

0 

7.40 

100 

100 

100 

100 

100 

100 

70 

30 

0 

7.00 

100 

100 

100 

100 

100 

100 

45 

15 

0 

6.60 

Range 

in  size, 

in. 


Sand No.  1 

Sand No.  2 

Sand No.  3 

Screenings No.  4 

Stone No.  5 

Pebbles No.  6 

Pebbles No.  7 


0-H 

0-4 
0-8 
0-4 
%-lK 
4-1 M 
4-1 


Because  of  better  size  and  grading  (larger  fineness  moduli)  sand  No.  1  and  stone 
No.  5  are  the  best  materials.  Sand  No.  2  and  pebbles  No.  6  are  good  materials,  but 
sand  No.  3  is  quite  fine  and  pebbles  No.  7  are  rather  small.  Screenings  No.  4 
are  well  graded,  but  an  equally  well  graded  sand  would  be  preferable,  because 
rounded  particles  find  their  way  into  place  with  less  mixing  water.  That  is 
the  reason  why  a  higher  fineness  modulus  is  permissible  when  sand  is  used  than  when 
screenings  are  used  (see  text  preceding  Table  4).  Therefore  the  other  materials 
would  be  better.  Any  of  these  materials  will  make  good  concrete,  however,  provided 
the  fine  and  coarse  materials  are  proportioned  to  secure  a  combined  fineness  modulus 
suitable  to  the  mix  and  maximum  size  of  the  aggregate. 

Exmnple  2. — A  1:4  true  mix  and  a  13^2 -in-  maximum  size  of  aggregate  have  been 
adopted.  Sand  No.  2  and  pebbles  No.  6  have  been  selected  because  their  cost  is 
less  than  that  of  the  other  materials.  In  what  proportions  should  they  be  combined 
to  get  the  best  results?     Or,  in  other  words,  what  nominal  mix  should  be  used? 

The  proper  value  of  the  fineness  modulus  for  these  conditions  is  6.00  (see  Table  4). 
Then  sand  No.  2  and  pebbles  No.  6  must  be  combined  in  such  proportions  as  to 
secure  a  fineness  modulus  of  6.00  for  the  total  aggregate.  Let  P  equal  the  percentage 
of  sand  and  100  —  P  the  percentage  of  pebbles. 

P  X  3.10  -(-  (1.00  -  P)  X  7.00  =  6.00 

3.10P  +  7.00  -  7.00P  =  6.00 

3.9P  =  1.00 

P  =  0.26  or  26  per  cent 

Thus  of  the  total  volume  of  aggregate,  26  per  cent  should  be  sand  and  74  per  cent 
pebbles.     The  true  mix  being  1:4  the  sum  of  the  volumes  of  sand  and  pebbles  for  a 
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one  bag  batch  measured  separately  will  be  4.57  cu.  ft.  (4  X  ^y)-  Of  this,  26  per 
cent  or  1.19  cu.  ft.  will  be  sand  and  74  per  cent  or  3.38  cu.  ft.  will  be  pebbles.  The 
nominal  mix  will  then  be  1 : 1.2:3.4. 

Example  3. — During  the  progress  of  the  work  it  becomes  necessary  to  substitute 
screenings  No.  4  and  stone  No.  5.     What  change  should  be  made  in  the  nominal  mix? 

When  screenings  are  used  as  fine  aggregates  or  when  crushed  stone  is  used  as  coarse, 
the  values  for  the  total  fineness  modulus  given  in  Table  4  should  be  reduced  by  0.25. 
In  this  case  screenings  and  crushed  stone  are  both  being  used  and  the  value  of  6.00 
for  the  fineness  modulus  used  in  Example  2  should  therefore  be  reduced  by  0.50,  or  to 
5.50.     Using  the  same  notation  as  before: 

P  X  3.00  +  (1.00  -  P)  X  7.40  =  5.50 
3.0P  +  7.4  -  7.4P  =  5.50 
4.4P  =  1.9 
p  =  0.43  =  43  per  cent 

Dividing  the  total  volume  of  aggregate  before  mixing  (4.57  cu.  ft.),  43  per  cent  fine 
and  57  per  cent  coarse,  the  new  proportions  are  found  to  be  1 : 2.0 : 2.6. 

Summary. — The  size  and  grading  of  the  aggregate  are  important  factors  in  the 
strength  of  concrete,  because  they  affect  the  quantity  of  mixing  water  necessary  to 
attain  a  given  consistency.  The  fineness  modulus  is  an  index  number  that  shows  the 
size  and  grading.  Therefore  it  reflects  the  quantity  of  mixing  water  that  will  be 
necessary  and  indicates  the  strength  to  be  expected  in  the  concrete  under  given  condi- 
tions. It  can  be  quickly  calculated  from  a  simple  sieve  analysis.  The  finene.ss  modu- 
lus of  any  combination  of  fine  and  coarse  aggregates  is  the  weighted  average  of  their 
separate  fineness  moduli.  Study  of  the  fineness  modulus  will  show  the  proportions 
in  which  given  fine  and  coarse  aggregates  should  be  combined  for  best  results.  Proper 
proportioning  of  fine  and  coarse  aggregates  may  double  the  strength  of  concrete. 

INCREASED  STRENGTH  FROM  RICHER  MIXES 

Tests  clearly  bring  out  the  increase  in  strength  resulting  from  the  use  of  richer 
mixes.  Typical  results  are  given  in  the  following  table.  The  same  aggregate,  with  a 
fineness  modulus  of  5.75  and  graded  up  to  IK  inches  in  size,  was  used  in  all  tests. 
The  cement  was  a  mixture  of  equal  parts  of  four  brands  purchased  on  the  Chicago 
market.  The  relative  consistency  of  all  specimens  was  the  same,  1.10,  with  a  slump 
of  3  to  4  inches.  This  consistency  is  suitable  for  most  construction  work.  All  tests 
were  made  at  the  age  of  28  days.  Thus  the  increase  in  strength  was  due  solely  to 
increases  in  the  quantity  of  cement. 

Ordinary  concrete  mixes  (1 :  3K :  7  to  1:1^:2)  contain  from  3  to  8  sacks  of  cement 
per  cubic  j^ard  of  concrete.  Note  that  within  this  range  the  strength  of  concrete 
increases  in  direct  proportion  to  the  quantity  of  cement.  Each  additional  sack  of 
cement  per  cubic  yard  adds  about  500  pounds  per  square  inch  to  the  strength  of 
concrete. 
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Effect  of  Quantity  of  Cement  on  the  Strength  of  Conckete 


True  mixi 

Approximate  nomi- 
nal mix^ 

Sacks  of  cement  per 
cubic  yard  of  con- 
crete 

Compressive  strength, 
lbs.  per  square  inch 

Neat 

29.72 

6,630 

1:U 

23.0 

5,720 

1 

1:    M:      H 

15.7 

5,070 

2 

1:   H:   IM 

10.5 

4,070 

3 

1:1K:   2 

7.9 

3,570 

4 

1:13^:   3 

6.3 

2,760 

5 

1:2     :   3M 

5.2 

2,090 

7 

1:3     :   5 

3.9 

1,400 

9 

1:3M:   7 

3.1 

1,030 

15 

1:6     :12 

1.8 

440 

^  The  true  mix  is  the  ratio  between  the  volume  of  cement,  expressed  as  unity,  and 
the  volume  of  total  aggregate  after  the  fine  and  coarse  have  been  combined.  In  the 
nominal  mix,  which  is  the  one  ordinarily  used,  the  volumes  of  fine  and  coarse  aggregate 
are  expressed  separately.  The  nominal  mix  can  readily  be  converted  into  the  true  mix 
because  for  the  usual  proportions  of  fine  and  coarse  aggregate  (fine  aggregate  20  to 
70  per  cent  of  the  total)  the  volume  of  combined  aggregate  after  mixing  is  about  seven- 
eighths  of  the  sum  of  the  volumes  of  fine  and  coarse  aggregate  measured  separately. 
Because  of  this  shrinkage  a  1:3:5  nominal  mix  does  not  give  a  1 : 8  true  mix  as  some- 
times assumed,  but  about  a  1 : 7  true  mix. 

.  2  The  volume  of  concrete  obtained  from  neat  cement  depends  on  the  quantity 
of  mixing  water  used.  For  water-cement  ratios  beween  0.3  and  0.6,  the  volume  of 
concrete  obtained  from  one  sack  (one  cubic  foot)  of  dry  cement  equals  0.5  of  a  cubic 
foot  plus  the  amount  of  water  used.  In  the  example  given  here  the  water-cement 
ration  was  0.4  and  the  shrinkage  was  therefore  about  10  per  cent. 
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General  Note. — The  page  references  are  given  in  their  order  of  importance. 

The  first  reference  will  usually  cover  the  most  used  data. 

Abrasion 

Allowable  values  Page 

Bituminous  concrete  aggregate 302 

Bituminous  macadam  aggregate 207 

Brick  paving  block 362,  372 

Cement  concrete  aggregate 257,  294 

Stone  block 565 

Tests  for 

Brick 515 

Crushed  stone 505 

Gravel 544 

Sand 541 

Stone  block  (same  as  crushed  stone) 

Absorption  (Test  for) 506 

Administration 

Principles  of 1-61 

Current  practice 10 

Economy  (field  for) 6 

Organization 58,  423 

Pavements  (general  suitability).  .^^-=;^ 35 

Progressive  Improvement 7 

Tax  problem 44-57 

Traffic  requirements 27 

Value  of  highways 

Economic 15,  146 

Intangible 14 

Alignment 

Effect  on  pavement  crown. . . .  TT". 211 

"      "  "  width 71 

(See  also  first  book  of  series,  Highway  Location,  Grading  and  Drainage,  for 
detailed  discussion) 

Amiesite  (See  also  Bituminous  Concrete) 

Amounts  of  material 306 

Suitability 299,  35,  67 

Specifications 353 

Annual  Charges 

Bonds  for  construction 44 

Maintenance  and  renewals 391 

Tax  rates  (example  of) 47,  49 
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Page 

Appropriation  Estimates 

Construction 49 

Maintenance 391 

Renewal 391 

Asphalt  (See  Bitumens) 

Asphalt  Block  Pavement 

Construction  Methods 377 

Costs  (general  comparative) 376,  392 

Design 

Current  practice 378 

Recommended  practice 378 

Theoretical  design  of  base 101,  132 

Durability  of  pavement  surface 415,  376 

Maintenance 

Cost 417 

Methods 446 

Materials 

Amounts  required 378 

Specifications  for 566,  379 

Suitability  of 378 

Tests  and  sampling 502-546 

Specifications 379 

Suitability  of  pavement  (general  conditions) 376,  152,  67,  35 

Asphaltic  Concrete  Pavements 

Construction  methods 314-357 

Costs  (general  comparative) 300,  392 

Design 

Current  practice 306-315 

Recommended  practice 301 

Theoretical  surface  mixtures 308 

Thickness  of  bases 306,  101,  131 

Durability  of  pavement  surface ' 301,  414,  415 

Equipment  for  construction 314 

Inspection  details 

Culverts 217 

Grading 222 

Pavement 317 

Maintenance 

Costs 392-421 

Methods 422-447 

Materials 

Amounts  required 304 

Sampling 502,  318 

Specifications  for 546-559 

Suitability  of 301 

Tests  for 501-546 

Reconstruction 458,  466,  479 

Specifications 328-357 

Suitability  of  pavement  (general  condition) 299,  152,  39,  67,  35 
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Page 
Automobiles  (Their  Effect  on  General  Policy  and  Detail  Design) 

Character  of  Traffic 

Range  of  travel  (local  or  foreign) 34 

Speed,  regulation  of 77 

Types  of  hauling 27 

Volume,  comparative  amount  local 34 

Volume,  growth  of 30 

Weight,  regulation  of 77 

Cost  of  Operation 

Effect  of  alignment 17 

"      "  grade 16 

"      "  pavement  surface 15,  146 

"      on  type  selection 20 

Cost  of  road  maintenance  per  vehicle  mile 456,  393 

Gasolene  Tax 47 

License  Fees 

Amount  required 51,  52,  47 

Reasonable  use  of 24,  6 

Safety  of  Operation 

Crown,  one  way 211 

Curves,  easy  alignment  {see  first  book  of  series) 

"       ,  superelevation 211 

*     Ditches,  shallow  (see  first  bool^  of  series) 

Guard  rail 480 

Pavement  surfaces 152 

Pavement  widening 71 

Railroad  crossings,  elimination  of  {see  first  book) 

Sight  distance  (see  first  book  of  series) 

signs,  danger 496 

"      ,  guide 496 

Tax  Burden  {General  Principles) 24,  6 

Trucks 

Effect  on  design 77 

"       "    general  policy 9,  10,  61,  5 

Operation  costs 16 

Regulation  of 29,  77,  61 

Tax  burden 24,  47 

Types  suitable  for  different  uses 27 

Wheel  Loads 

Impact 80 

Recommended  design  loads 81 

Static 79 


Bar  Reinforcement  (See  Reinforcement) 

Bearing  Power  of  Soils 82 

Binder  (Asphaltic  Concrete) 
{See  bituminous  concrete) 
Bito  Slag  (See  Bituminous  Concrete) 
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Bitumens 

Amounts  Required 

Bituminous  concrete 305,  309,  333 

"  macadam 235 

Cold  patch  repair 429,  431,  436 

Joints 363,  271 

Oiling  (surface) 433 

Properties  of 519-536 

Specifications 551 

Sampling 503,  318 

Suitability 

Bituminous  concrete 304,  559 

"  macadam 234,  559 

Cold  patch  repair 429,  431,  436,  559 

Joints 444,  559 

Oiling  (surface) 208,  559 

Tests  for 526-536 

Adhesiveness 526 

Ductility 531,  526 

Evaporation 531,  527 

Flush 529 

Penetration 530 

Solubility 532 

Specific  gravity 529 

Use  of  for 

Binders 230,  299,  559 

Cracks 444,  446,  561 

Joints 363,  271,  559 

Oiling  (surface) 203,  433,  179,  559 

Volume  at  different  temperatures 247 

Bituminous  Concrete  Pavements 

Construction  methods 314-357 

Costs  (general  comparative) 300,  392 

Design 

Current  practice 306-315 

Recommended  practice 301 

Theoretical  surface  mixtures 308 

Base  courses 306,  101,  131 

Durability  of  pavement  surface 301,    414,  415 

Equipment  for  construction 314 

Inspection  details 

Culverts 217 

Grading 222 

Pavement 317 

Maintenance 

Costs 392-421 

Methods 422-447 

Materials 

Amounts  required 304 

Sampling 502,  318 
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Bituminous  Concrete  Pavements  {Coiil.) 

Specifications  for 546-559 

Suitability  of 301 

Tests  for 501-546 

Reconstruction 458,  466,  479 

Specifications 328-357 

Suitability  of  pavement  (general  conditions) 299,  39,  35,  67,  152 

Bituminous  Macadam  (Penetration  Method) 

Construction  methods 238 

Costs  (general  comparative) 238,  392 

Design 

Current  practice 235,  98 

Recommended  practice 232,  100 

Theoretical 86,  100 

Durability  of  pavement  surface 232,  414 

Equipment  for  construction 238 

Inspection  details 

Culverts 217 

Grading 222 

Pavement 244 

Maintenance 

Costs 391-422 

Methods 422-444 

M^  terials 

Amounts  required 234 

Specifications  for 546-559 

Suitability  of 232 

Tests  for 501-536 

Reconstruction 473-479 

Specifications 248 

Suitability  of  pavement  (general  conditions) 230,  39,  35,  152,  67,  458 

Block  Pavements 

{See  type  desired) 
Asphalt 
Brick 
Stone 
Wood 
Bonds  (Highway  Finance) 44 

Bottom  Courses 

Construction  of 

(See  type  desired) 191-202 

Design  of 

Flexible  type 86-102 

Rigid  pavements 102-137 

Inspection 226 

Materials 

(See  type  desired) 191-202 

Specifications 

(See  type  desired) 191-202 
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Page 

Boulder  Base 

Construction : 194 

Design  of  depth 99,  100,  225 

Examples  of 194,  195 

Inspection 225,  226 

Specifications 196 

Suitability 196,  99 

Brick  Pavements  ^^ 

Construction  methods 365-370 

Costs  (general  comparative) 359,  392 

Design 

Current  practice 364 

Recommended  practice 361,  137 

Theoretical  (base  thickness) 102-137 

Durability  of  pavement  surface 359,  415 

Equipment  for  construction.  L,<\. 365 

Inspection  details 

Culverts 217 

Grading ^ 222 

Pavement. .  .<\ 365 

Maintenance 

Costs 392-420 

Methods 446 

Materials 

Amounts  required 363 

Specifications  for 546-566 

Suitability  of 361 

Tests  for 501-546 

Reconstruction 468-470 

Specifications 370-375 

Suitability  of  pavement  (general  conditions) 358,  35,  39,  152,  67 

Bridge 

Concrete  finishing 286 

Cable  Guard  Rail 482 

Calcium  Chlorid 

Use  of 205 

Capillary  Rise  of  Water  in  Soils 84 

Catch  Basins 

Examples  of 489,  490 

Cattle  Guards        498 

Cement  (Bituminous)  (See  Bitumens) 

Cement  (Portland) 

Amounts  required 261,  305,  329 

Sampling 502 

Specifications 550 

Tests 536 
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Cement  Concrete 

Aggregates 

Amounts  required 305,  261 

Tests  for 501,  546 

Specifications 546,  551 

Suitability 537,  257,  294 

Design  of  mixes 

Aggregate  (fineness  modulus) 607 

Cement  content  (effect  on  strength) 613 

Curing  (effect  on  strength) 605 

Mix.  (time  of) 605,  294 

Water  content 263,  221 

Inspection 219,  279 

Cement  Concrete  Pavements 

Construction  methods 275 

Costs  (general  comparative) 250,  392 

Design 

Current  practice 257-267,  130 

Recommended  practice 251-257 

Theoretical 102-130,  272 

Durability  of  pavement  surface 251,  415 

Equipment  for  construction 285 

Inspea+ion  details 

Culverts 217 

Grading 222 

Pavement , 275 

Maintenance 

Costs 391-421 

Methods. 422-446 

Materials 

Amounts  required 261,''305 

Specifications  for , 546-551 

Suitability  of 257,  294 

Tests  for 501-546 

Reconstruction 457-479 

Specifications  (condensed) 294 

Suitability  of  pavement  (general  conditions) 250,  458,  35,  39,  67,  152 

Cement  Sand  Cushion 

Asphalt  block  pavement 377,  387 

Brick  pavement 363,  375 

Stone  block  pavement 381,  389 

Census  (Traffic) 67 

Cobble  Gutters 488 

Cold  Patch 

Specifications 440,  559 

Use  of 428 

Concrete 

{See  asphaltic  concrete) 
("   cement  concrete) 
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Construction  of  Pavements  (Chapter  3) 
Equipment  (see  pavement  desired) 
Inspection  (see  pavement  desired) 
Methods  (see  pavement  desired) 
Order  of  construction 43 

Contraction 

Coefficient  of 

Concrete 307 

Joints 

Cement  concrete  pavements 271 

Cooperation  (Fund  Distribution) 

Example  of 162 

Cordurory  Roads  (Alaska) 188 

Corner  Load  (Formula) 104 

Cost  Estimates 

Comparison  of  Types 

Construction 392 

Maintenance 392 

Renewal 392 

Comparative  (value  of) 68 

Cost  of  Improved  Highway  (General  Comparative) 

Effect  of  pavement  type 2,  64,  392 

"      "  traffic  volume 392 

Cracks 

Formation 105 

Repair 444 

Cribbing 485 

Crowns 

Banked  on  curves 210 

Normal  (see  pavement  desired) 

Street 315 

Crushed  Stone  (See  Stone) 

Cube  Pavements 

General  description 381 

See  also 

Durax 381 

Kleinpflaster 381 

McClintock 382 

Culverts 

Inspection  of 222 

Design  of  (see  first  book  of  series,  Highway  Location) 

Curbs 

Examples  of 487 

Curing  Concrete  (Effect  on  Strength) 605 
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Page 

Curves 

Effect  on  ci'own  of  pavements 210 

"       "    widths  of  pavements 70-71 

Cuts 

Inspection 222 

Staking  out 224 

Slope  stakes 222 

Danger  Signs 488 

Depth  of  Pavements 

Recommended  depths 

Macadam  types 100 

Rigid  types. . .- 137 

Theoretical  design 

Macadam  types 63-102 

Rigid  types 102-137 

Design  of  Pavement  Depth 

Flexible  base  pavements 63-102 

Fundamentals  (summary  of) 76 

Rigid  base  pavements.  .   ,  102-137 

Value  of  theory 72 

Design  of.^aveme7its  {Details  of) 
See  type  desired 
Asphaltic  concrete 
Bituminous  macadam 
Etc. 

Design  Reports 

Examples  of 153,  159,  186,  461,  475,  476,  581 

Detours 

General  practice 3-6 

Signs 496 

Deval  Rattler 505 

Distribution  of  Pressure 

Macadam  pavements 86 

Joints  in  rigid  pavements 116 

Ditch  Protection 487 

Dowels  (Use  of) 

Concrete  pavements 270,  264,  117 

Facing  old  masonry 486 

Drainage  Details 

Catch  basins 488,  489,  490 

Culvert  inspection 217 

Curb  inlet  basins 490 

Manholes 495 

Underdrains 233,  225,  84 

(See  also  first  book  of  series,  Highway  Location,  Grading  and  Drainage) 
Ductility  (Test) 531 
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Durability  of  Pavements 

Flexible  base  pavements 412,  392,  39-42 

Rigid  base  pavements 414,  392,  39-42 

(See  also  any  desired  type) 

Durax  Cube  Pavement 

General  description 381 

Earth  Roads 

Construction 165 

Maintenance 448 

Specifications 169 

Typical  sections 168 

Economic  Value  of  Highways 14 

Economy  in  Design 

Field  for 6 

Necessity  for 6 

Electric  Trolley  Track  Practice 

Typical  sections 497 

Embankment 

Consolidation  of 222,  278 

Effect  on  pavement  depths 82-100 

Inspection  of 222,  278 

Ratio  cut  to  fill 592,  153 

Emulsified  Bitumen 

Cold  Patch 429,  436 

Engineering  (General) 

Cost  of 499 

Value  of vii 

Equipment 

Construction  (see  type  of  pavement  desired) 
Inspection  (see  type  of  pavement  desired) 
Estimates  (General) 499 

Excavation 

Inspection 222 

Shrinkage  in  fill 592,  153 

Slope  stakes 222 

Staking  out 222 

Expansion 

Coefficient  of 

Concrete 307 

Joints 

Brick 363 

Cement  concrete 270 

Stone  block 381 


Failures  (Pavement) 

Causes  of 152 
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Fences 

Cattle  guards 498 

Guard 480 

Property  line 498 

Snow 498 

Fills 

Consolidation  of 222,  278 

Effect  on  pavement  depths 82-100 

Inspection  of 222,  278 

Ratio  cut  to  fill 592,  153 

Financing  Highway  Improvements 

Construction 24,  44,  49,  9 

Maintenance 24,  46,  49,  391 

Reconstruction 24,  46,  49,  9 

Fineness  Modulus  (Concrete  Aggregate) 607 

Finishing  Concrete 

Concrete  culverts 221 

"         pavement 284 

Flash  Point  (Test) 529 

Forms  for  Concrete 

Removal  of 220,  280 

Setting 280 

Type  ov   220,  280 

Formulae  (Design  of  Pavements) 

Flexible  base  pavements 86-102 

Rigid  base  pavements 102-137 

Foundation  Courses 

Construction  of 191-203,  225,  328,  370 

(See  tj'pe  desired) 

Design  of 

Flexible  type 69-102,  306 

Rigid  pavements 102-137,  306 

Materials 

(See  type  desired) 

Specificaiions 

{See  type  desired) 
Fracture 507 

Frost 

Effect  on  design  of  pavements 74 

Gasoline 

Consumption  per  ton  mile 19 

Tax 47 

Geological  Classification  of  Rocks 507 

Grades 

Effect  on  motor  operation  cost 16 

Limiting  grades  different  pavements 151 


626  INDEX 

Page 

Grades  (Detail  Discussion) 

Intermediate 

Maximum 

Minimum 

(See  first  book  of  series,  Highway  Location,  Grading  and  Drainage) 

Grading 

Inspection  of 

Gravel 

Amounts  Required 

Concrete 305,  261 

Pavements 178,  181 

Sampling 502 

Sizes 

Concrete 543,  257 

Pavements 180 

Specifications 548,  180,  183 

Suitability 

Concrete 543,  257 

Pavements 180 

Tests 

Abrasion 544 

Shale  content 544 

Voids 543 

Weight 544 

Use  of 

Concrete •. 543 

Pavements 99,  178,  201,  257,  303 

Gravel  Pavements 

Costs  (general  comparative) 178,  392,  23 

Economic  use  of  on  highways 41,  186 

Maintenance 454 

Materials  and  methods 178 

Rhythmic  corrugations 184 

Specifications 183 

Suitability  of  type 178,  41,  68 

Typical  sections 182 

Grout 

Brick  pavement 

Amount 363 

Application  of 367 

Mix 363 

Guard  Railing 

Examples  of  current  practice 480 

Specifications 573 

Guide  Signs 496 

Gutters 

Cobble 488 

Concrete 488,  487 
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Page 

Hardness  (Test). 506 

Hardness  (Test  for) .506 

Highway  Policy  (General) ;■.  5 

Highway  Programs 

.Scope  of 3 

Highways 

Classification  of 38 

Economic  value 14 

Holes  (Repair  of) 428 

Impact 

Effect  on  design  loading 80,  149 

Inspection 

General  costs 499 

"      value 277 

Inspection  Details 

Culverts 217 

Grading 222,  278 

Pavements 

Asphalt  block 379 

Asphaltic  concretes .  .  ....   317 

Boulder  bases 225 

Brick. » 365 

Cement  concrete 279 

Gravel  (consolidation  of) 196,  183 

Macadam  foundations 226 

Penetration  bituminous  macadam 244 

Stone  block '.....,  388 

Waterbound  macadam  top '.   229 

Joints 

Contraction 271 

Distribution  of  load  at 117 

Expansion 271 

Longitudinal 267 

Kleinpflaster  Cube  Pavement 

General  description ,  ,   381 

Life  of  Pavements 

Flexible  base 412  392 

Rigid  base 414^  392 

{See  also  any  desired  type) 

Loads 

Effect  on  design  (general) ....... 74 

Maximum  vehicle 77 

Recommended  design  wheel  loads 82 

Wheel  loads 77 

Distribution  of 

At  joints  in  rigid  pavements 117 
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Page 
Loads  (Cont.) 

Macadam  pavements 87 

Impact 81 

Static 77 

Loam  (Test  for) 539 

Macadam  Pavements  ^General) 

For  detail  data  see  Bituminous  macadam,  Waterbound  macadam 

Construction 191-249 

Design 63-102,  210,  235 

Maintenance 391-444 

Reconstruction 465-479 

Specifications 191,  193,  196,  198,  212,  248 

Suitability  (general) 35,  38,  2,  68 

Utilization  of  old  pavements 458,  2 

Maintenance 

Costs  (general  comparative) 391 

Equipment 422-457 

Estimates 

Legislative  tax  program 393,  49 

Yearly  budget 422 

Importance  of 42 

Materials  and  methods 427-457 

Bituminous  concretes 444 

Block  pavements 447 

Cement  concrete 444 

Earth 450 

Gravel 454 

Macadams 427 

Sand  clay 454 

Organization  units 422 

Manholes 495 

Masonry 

Refacing 485 

Rejointing 485 

Retaining  walls 484 

Materials  (General  Data) 

Local,  effect  on  design 64,  136 

Properties  of 505-545 

Sampling 502 

Specifications  (see  specifications) 546-580 

Tests  (see  tests  of  materials) 505-545 

McClintock  Cube  Pavement 382 

Melting  Point  (Test) 534 

Mesh  Reinforcement  (See  Reinforcement) 268,  572,  115 

Mixing  (Time  of) 

Bituminous  concrete 325 

Cement  concrete 258,  294 

Effect  on  strength 605 
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I  Page 

Modulus  of  Rupture 

Brick ; Ill,  135,  362 

Concrete 107 

Moisture  Content  of  Soils 83 

Monuments  (Property  Line) 494 

Mortar  (Grout) 

Cushion 366,  363,  375 

Grout 367,  363,  374 

Oiling 

Costs  (general  comparative) 435 

Materials 

Amounts  required 

Macadam 433 

Suitability 436 

Methods 433-443 

Orders 

Desirabilit}^  of  written  orders 12 

Organic  Impurities 

Test  for  in  concrete  aggregates 540 

Organization 

Construction " 58,  423 

Maintenance 58,  422 

Patrol  Maintenance 

Cost  of 422 

Equipment 422 

Length  of 422 

Paints 574 

Pavements 

Design  of  (see  design) 

Economic  value 14 

General  suitability  of  types 35,  68 

{See  tjTJe  desired  for  details) 
Penetration  (Test) : 530 

Policy  (General) 

Current  Practice 

"Boulevard  policy" 5 

"Cheap  pavement" 5 

"  General  utihty  policy  " 5 

Progressive  Improvement 7 

Tax  Method  (Effect  on  Policy) 9 

Summary  of  general  principles 61 

Posts  (Concrete) 

Guard  posts 480 

Sign  posts 496 

Pressure 

Distribution  of 

Macadam 86 
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Page 

Pressure  {Cont.) 

Joints  in  rigid  pavements 116 

Wheel  loads 

Impact 77,  80,  149 

Static 77,  79 

Progressive  Improvement 7 

Railing  (Guard) 

Examples  of  current  practice 480 

Specifications 573 

Railway  Crossing  Detail 497 

Railway  Track  Standard 497 

Rattler  Test 

Brick 515 

Deval  stone  test 505 

Reconstruction 

Administrative  policy 457,  2 

Costs  (general  comparative) 457,  392 

Effect  on  original  design 75 

Engineering  design 465 

Typical  cases 

Change  of  type 470 

Resurfacing 468,  473 

Strengthening 475 

Widening 466 

Legislative  estimates 391,  49 

Records 

Details 

General  value 57,  96 

Engineering 291 

Inspection 

Bituminous  concrete 327 

Cement  concrete      291 

Macadam 247 

Regulation  of  Traffic 

Loads 29,  61,  77 

Speeds 29,  61,  77 

Widths 29,  61,  77 

Reinforcement  (Mesh  and  Bar) 

Bars 

Corner  bars 264-270 

Dowel  connections 270 

Longitudinal  ties 264-270 

Value 115 

Mesh 

Weight 113 

Value 115 

Renewal  of  Pavements  (See  Reconstruction) 
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Page 

Reports  (Examples  of, ) 153,  159,  186 

Design  (economic  type  selection) .    475,  479 

Finance  (legislative  estimate) , 49 

Maintenance  (legislative  estimate) 49 

Reconstruction  (legislative  estimate) 49 

Relocations  (effect  of  motor  operation  cost) 475,  581 

Research  (General  Value) 57 

Retaining  Walls 

Examples  of 481 

Rock  (See  Stone) 

Rock  (Geological  Classification) 507 

Rollers  (See  Equipment  for  Type  of  Pavement  Desired) 

Rolling 

{See  inspection  details  for  tj^pe  of  pavement  desired) 
Roughness  of  Pavements 

Effect  on  economic  value 142 

Rupture  (Modulus  of) 

Brick 135,  111,  362 

Concrete '. 107 

Rut  Roads 165 

Safety 

Banked  curves 210 

Skidding 151 

Width  of  pavements 70-71 

{See  also  first  book  of  series,  Highway  Location,  Grading  and  Drainage,  for 
more  complete  discussion) 

Sampling  Materials 

Bitumens 503,  318 

Brick 504 

Cement 502 

Concrete 502 

Gravel ^ 502 

Sand 502 

Stone 503 

Sand 

Amounts  Required 

Concrete  (cement) 305,  261 

Concrete  (bituminous) 305,  311 

Cover  for  oiling 434 

Filler  for  bottom  courses 228 

Sampling .....'.'...'.'..[. 502 

Size 

Concrete  (cement) 607,  259,  549 

Concrete  (bituminous) 303,  310,  549 

Cushion 363,  549 

Grout 363,  549 

Specifications .  .-.  .• .  .-.-..■.-.-    .  ; 549 
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Paoe 

Sand  (Cont.) 
Suitability 

Concrete  (cement) 259,  549,  537 

Concrete  (bituminous) 303,  333,  549 

Cover  for  oiling 434 

Cushion 363 

Filler  (macadam) 514,  202 

Grout 363 

Tests 

Hardness 541 

Loam  content 539 

Organic  impurities •. 540 

Voids 543 

Weight  (specific  gravity) 543 

Sand  Clay  Surfaces 

Maintenance 453 

Materials  and  methods 173 

Specifications 177 

Suitability  of  type 172 

Tests 544 

Typical  sections 173 

Sand  Cushion 

Block  pavements 363,  373,  382 

Screed  (Concrete  Pavement) 283 

Screenings 

Amounts  Required 

Bituminous  macadam 234 

Cover  for  maintenance  oiling 434 

Waterbound  macadam 209 

Suitability 

Concrete  (bituminous) 301 

Concrete  (cement) 542 

Cover  for  oiling 434 

Macadam  construction 513 

Sewer  Trenches 

Details .491 

Pavement  thickness  over 129 

Shale 

Tests  for  in  gravel 544 

Sheet  Asphalt  (See  Bituminous  Concrete) 

Sidewalks 

Cross  slope. 487,  604 

Width 604 

Sieves  (Standard  Sizes) 538 
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Page 

Signs 

Danger 496 

Detour 496 

Guide 496 

Slag 

Amount  required 

Concrete 305,  261 

Macadam 210 

Properties 548 

Specifications 548 

Weight 548,  257 

Slump  Test  (Concrete) 541,  264,  263 

Smoothness  of  Pavements 

Value  of 142 

Snow 

Fences 498 

Removal  from  highways 447 

Soils 

Consolidation  of 224 

Effect  on  depth  of  pavements 73 

Regulation  in  fills 223 

Safe  supporting  power 82 

Underdrainage 83 

Solubility  (Test) 532 

Specific  Gravity  (Tests  for) 

Rock 506 

Bitumen 529 

Specifications 

Materials 546-580 

{See  also  each  material) 

Methods 

{See  type  of  pavement  desired) 
Steel  Reinforcement  (See  Reinforcement) 
Stone  (Crushed) 

Amounts  Required 

Bituminous  concrete 304 

"  macadam 234 

Concrete 305,  261 

Macadam  foundations 210 

Waterbound  macadam  top 209 

Sampling 503 

Sizes 

Bituminous  concrete 302 

"  macadam 232 

Concrete  (cement) 257 

Macadam  foundations 208 

Waterbound  macadam 207 
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Page 
Stone  (Crushed)  {Cord.) 

Suitability 

Concrete 543 

Pavements 

Bituminous  concrete 301 

"  macadam 232 

Concrete 257 

Macadam  foundations 208 

Waterbound  macadam 207 

Tests 

Abrasion 505 

Absorption 506 

Hardness 506 

Specific  gravity 506 

Toughness 506 

Voids 543 

Stone  Block  Pavement 

Current  practice 381 

Foundation  (design) 132,  137 

Specifications 388 

Suitability  of  pavement  (general) 380,  152 

Stone  (General) 

Geological  classification 507 

Properties  of 505 

Street  Widths  and  Crowns 604,  315 

Strength  of  Pavements 72-137 

Sub  base  Courses  (See  Foundations) 

Sub  grade  (See  Soils) 

Sub  grade  Teste- 281 

Superelevation  (Crown) 210 

Surveys  (General) 499 

Tar  (See  Bitumens) 
Tarvia  (See  Bitumens) 

Taxes 

Amounts  (examples  of) 

Construction 49,  47 

Maintenance 49,  47 

Distribution  of  burden 24 

Effect  of  method  on  general  policy 9 

Gasolene 47 

Telford  Foundation 

Construction 197 

Design  of 86 

Materials . 197 

Specifications 198 

Temperature 

Asphaltic  mi.xtures , 325 
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Page 

Temperature  {Cant.) 

Coefficient  of  expansion 307 

Effect  on  design  of  pavements 74 

Effect  on  volume  of  bitumen 247 

Protection  of  concrete 289 

Tension  (Modulus  of  Rupture) 

Definition 106 

Values  of  for  concrete 

Recommended  for  design 109,  114,  106 

Ultimate 110,  113 

Tests  (Bates  Road  Practical  Tests) 600 

Tests  of  Materials 

Bitumens 

Ductility 531 

Evaporation 531 

Flash 529 

Melting  point 534 

Penetration ....  530 

Significance  of  tests 526 

Solubility  (total  bitumen) 532 

Specific  gravity 529 

Brick 

Abrasion  (rattler) '. . .  . .....    515 

Absorption 519 

Size  (variation  in) 515 

Cement  {Portland) 536 

Slump  test 541 

Gravel 

Abrasion 544 

Loam  content 540 

)       Shale  content 544 

Voids 543 

Weight  (specific  gravity) 543 

Sand 

Hardness 541 

Loam  content 539 

Organic  impurities  (colorimetric  test) 540 

Voids 543 

Weight : 543 

Stone 

Abrasion 505 

Hardness 506 

Toughness 506 

"Voids .  543 

Wear 506 

Weight  (specific  gravity) , .  506 

Water 

'      Acid ....;.:.....  541 
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Page 
Tests  of  Materials  (Cont.) 

Alkali '. , 541 

Organic  impurities 540 

Theoretical  Design 

Fundamental  assumptions 

Macadam 72-77 

Rigid  pavements 72-77 

Limitations  of 72 

Value  of 72 

Thickness  of  Pavements  (See  Depth) 

Time  of  Mixing 

Bituminous  concrete 325 

Cement  concrete 605,  294 

Topeka  Mix  (See  Bituminous  Concrete) 

Toughness  (Test  for) 506 

Track  Construction 

Example  of 497 

Traffic  (Effect  on  Policy  and  Design) 

General  requirements 27 

Loads 75 

Range  of  travel 34 

Regulation  of 29 

Speeds  of 77 

Volume  of 30 

Trails  (Alaskan  Dog) 188 

Trenches 

Depth  of  pavement  over 129 

Sewer  (details) 491 

Water  (details) 493 

Trucks  (See  Automobiles) 

Underdrains 206,  84 

(See  also  first  book  of  series;  Highway  Location,  Grading  and  Drainage) 

Value  of  Highways 

Economic 15 

Intangible 14 

Vialog  Records 142 

Voids 

Tests  for 543 

Volatilization  (Test) 531 

Volume  of  Traffic 30 

Walls 

Retaining  (examples  of) 481 

Toe  (examples  of) 486 

Warrenite  (See  Bituminous  Concrete) 

Water  Trenches 

Details 494 

Pavement  depths  over 129 


INDEX  637 

Page 
Waterbound  Macadam 

Construction  methods 214 

Costs  (general  comparative) 203,  392 

Design 

Current  practice 98,  210 

Recommended  practice 207 

Theoretical 86,  100 

Durability  of  pavement  surface 414 

Equipment  for  construction 214 

Inspection  details 

CulvertsA 217 

Grading 222 

Pavement 225 

Maintenance 

Costs 391-422 

Methods 422-444 

Materials 

Amounts  required 209 

Specifications  for 546 

Suitability  of 207 

Tests  for 505 

Reconstruction 457 

Specifications 212 

Suitability  of  pavement  (general  conditions) 203,  39,  35,  152,  67,  458 

Wheel  Loads 

Impact 80,  149 

Recommended  design  loads 81 

Truck  loads 79 

Widths  of  Pavement 

Comparative 70 

Curves 71 

Normal '. 70,  68 

Village  streets 604 

Wood  Block  Pavement 

Specifications 386 

Typical  sections 381 
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